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ABSTRACT 


Waveguide E plane fin line filters with various numbers 
of inductive strips are analyzed using the MICRO-COMPACT 
(MPAC) computer program. The scattering parameters for the 
inductive strips are obtained from a spectral domain program 
(PENS i Rie ee 

Filters were fabricated and tested in X-band (8-12 GHz). 
Good agreement between the predicted response from a MICRO- 
COMPACT (MPAC) program and the measured response from a 
network analyzer was obtained in the case of simple filters 
(two inductive strips). 

Some applications of fin line filter technology in 


Electronic Warfare are also shown. 
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During recent years, the attention of researchers has 
been focused on integrated fin-line filters, mainly in the 
millimeter wavelength (mmW) region. 

The structure of the fin-line filter is very simple and 
consists of axial inductive metal strips, which are inserted 
in a rectangular waveguide such that, the strip surface is » 
parallel to the narrow waveguide wall (i.e., parallel to the 
E-plane). For maximum dominant mode bandwidth the inductive 
metal strips are suspended in the center of the E-plane. 

This method of construction, E-plane integrated-circuit, 
offers important advantages specifically in the mmWs region. 
Some of these are wide single mode bandwidth, low insertion 
loss, production economy, low equivalent dielectric constant, 
compatibility with hybrid IC devices, and simple transitions 
to waveguide instrumentation [Ref. l]. 

The importance of millimeter wave (mmW) applications and 
technology has increased very quickly. This significance is 
Paomaolyemore powerful in military applications than else- 
Miaere, Mainly in the current sophisticated warfare environ- 
ment and weaponry. Applications include more precise tracking 
guidance systems for missiles in cluttered and smoke regions, 
and short range communications with link privacy, which the 


mmWS are capable of providing. 


mt 


MICRO-COMPACT (MPAC) is a COMPACT software computer 
program that analyses and optimizes the performance of 
cascaded two-port microwave circuits. MPAC runs on the 
Hewlett-Packard 9845 B/T/C desktop computer with 186K of 
memory. There are a number of mnemonic codes for elements, 
connections and sub-circuits, which are used to operate the 
MPAC [Ref. 4]. In this program, the circuit description is 
entered into the computed by translating its schematic dia- 
gram into MPAC code. 

In a previous thesis, a spectral domain program was 
developed to calculate scattering coefficients for inductive 
strips in a fin-line [Ref. 2]. Scattering coefficients of 
some inductive strips were measured directly using (a) a 
slotted line and (b) a vector microwave network analyzer. 

Good agreement between measured and computed scattering data 
was obtained. 

Fin-line resonators can be constructed using two identi- 
cal strips to form a half wave cavity. The resonator response 
(return loss, insertion loss, resonant frequency and Q) 
depends upon the scattering coefficients (|S,4], O44" ISoa/. 
054) - These are the independent scattering quantities for a 
reciprocal, symmetric network (Strip). Thus, measurement 
of the four filter parameters will, in principle, permit the 


computation of the scattering coefficients § = and 


11 7 °22 


S = Sio° The advantage over direct measurement is that a 


Dal 
vector analyzer is not required since the filter parameters 


are scalar quantities. 


EZ 


The purpose of this thesis is to further investigate the 
accuracy of fin-line inductive strip scattering coefficients 
computed using the spectral domain method. This is done by 
comparing MPAC predicted filter response with measured filter 
response. For convenience, experiments were conducted in 


maewo-l2 GHZ frequency range. 
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Ll. FIN DINE 22 


As. EEN LINE SPRUCTURE 
1. Planar Filters 

The main use of fin-line in the mmW band is for the 
E-plane circuit design. The axial inductive strips and 
dielectric layers are suspended in the E-plane of rectangu- 
lar waveguide. 

Many experts have published various papers about fin- 
line. The first approach of fin-line was for very special 
purposes of orthogonal-mode launching in circular waveguides 
[Ref. 6]. Meir purlished the first paper of the fin-line as 
a new transmission line for mmW integrated circuits (ICs) 

[Ref. 12]. 

The use of this approach to build bandpass filters 
provides a higher Q (quality factor) and the possibility for 
close integration of filters with semiconductor mounts 
(including printed bias networks). Multiport channel-dropping 
networks can be formed by combining filters and planar couplers. 
Typical unloaded Q values of 2500 at 12 GHz and 1600 at 32 
GHz are provided by all metal resonator structures [Ref. 3]. 

2. Fin Line Characteristics 

The main advantage of fin-line in relation with slot 
line is that it does not require a high-K substrate to 
prevent radiation. The avoidance of high-K substrate is 


very useful in mmWs where miniaturization problems appear 


[Ref. 6]. 
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The effect of septum length was investicated by some 


researchers. Knorr calculated numerically the septum reac- 


tance for various values of distance from the leacing edge 


of the septum to the end of the cavity [Ref. 8]. 


iMmicsuGeme. 1,ebe 1S Gbvlous Ehat Ehe reactance in- 


creases rapidly as the length of the septum is increased andv 


then saturates, for all frequencies. In the same figure it 


1s shown that the septum length required to reach maximum 


reactance increases with frequency. Figure 2.2 shows the end 


and side views of a fin line cavity. 


Le oy Fe12 GHz 
9 
8 
ne, ot 
oO 
é 
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Lil 
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eG Wee er. 1. Normalized Reactance Versus Length [Ref. 8] 


Some filters of narrow bandwidth were designed by a 


procedure which was based on the mode-watching technique 
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SIDE VIEW 


FIiguresZ.Z End and Side Views of Fin-Line Cavity 
[Ref. 2] 
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[Ref. 9]. It was proved that the thickness of metal strips 
effects a downward shift in the center frequency and a reduc- 
mremean the passband bandwidth. Y.C. Shih suggested [Ref. 9], 
the use of a thick metal strip for narrow-band design at 
higher frequencies. The mode-matching technique is discussed 
in detail in the next section of this chapter. 

cee et eeanome binted scircumespiscontinuities 

The problem of the fin-line shorting septum is related 
to the inductive strip. Konishi has published an approach 
using field-expansion, which applies if there is no dielectric 
in the structure [Ref. 21]. Hoefer and Pic have measured a 
large number of resonators in order to determine the equiva- 
lent circuit of a short-circuit end-element [Ref. 22]. 

During recent years, the two most common approaches 
to solving the discontinuity problem in fin-lines have been 
the spectral domain method and the mode-matching technique 
beet... 6]... 

a. Spectral Domain Method 

In this method the propagation constant at a 
given frequency is provided by using algebraic equations. 
These algebraic equations are based on the Fourier transforms 
of the E field between the fins. 

The use of algebraic equations in the numerical 
processing 1S an important advantage of this method. For 
practical applications the knowledge of higher order modes 


is essential to define the band for single mode operation. 


ay 


Another important parameter for design purposes is the 
characteristic impedance of the dominant mode [Ref. 7]. 

Knorr has computed the eigenfrequencies of fin- 
line resonators and has described the equivalent short- 
circuit reactance by using this method in his calculations 
[Ref. 8]. 

b. Mode-Matching Technique 

In this technique the fin-line structures in 
the waveguide are divided in two regions. The expansion of 
the unknown fields of each region is performed in terms of 
the normal modes. So, at the interfaces between regions, the 
field must satisfy the continuity requirements. 

The solution of boundary value problem of the 
linear simultaneous equations, for the unknown model coeff- 
cients, is based on the orthogonality property. The deriva- 
tion of an infinite set of equations leads to the scattering 
matrix for a discontinuity. In the case of the fin-line a 
cascading technique can be used to develop an equivalent 
scattering matrix [Ref. 1]. 

El Hennawy and Schunemann have described a single 
or a double step in the slot width, symmetrical or unsymmetri- 
cal using a mode-matching technique [Ref. 23]. 

4. E-Plane Printed Waveguides 
During the last decade, the fin-line medium has been 
combined with other planar waveguiding structures like 
microstrip and coplanar line to form quite versatile mixed 


Waveguide integrated circuits (IC). 
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The IC consists of a waveguide and an E-plane metal 


printed-circuit part. Several configurations of fin-lines 
may be used. These are shown in Figure 2.3 [Ref. 6]. 
CONDUCTOR z 


PATTERN DIELECTRIC SUBSTRATE WAVEGUIDE MOUNT 


MICROSTRIP 


LINE 


SUSPENDED 
STRIPLINE 





E1gure.2Z.3 Several Types of Fin-line and Strip 
Transmission Line [Ref. 6] 


Various other structures may also be mounted in a 
metal wave-guide housing split in the E-plane. There are a 
large number of combinations of these which may be used to 


realize special advantages in various applications. 


Several researchers have measured the characteris- 
tics of sections of unilateral and bilateral fin-lines. 
Practical fin-lines on 17 iim copper =cladcwew Purctcae sc 
having relatively narrow slots of width around 0.1 mm-—-074 
mm in the Ka band (26.5-40 GHz), exhibit attenuation of 
below 0.1 dB/wavelength (254 umsubstrate thickness), while 
this figure tends to increase to 0.15 dB/wavelength in the 


E-band (60-90 GHz), (127 umsubstrate) [Ref. 6]. 


B. MICRO~COMPACT (MPAC) PROGRAM 
1. Scattering Matrix Of the Indvemm el taies 
In the rectangular waveguide the dominant mode is 


Ene Ee and the E-field is extended in the y-direction in 


10 
the guide (Figure 2.4). However, in the fin-line guide as 
w/d goes to zero, the cut-off frequency (f£.) becomes lower. 
But once w/b becomes zero such as in the case of the septum 
Or inductive strip (Figure 2.5), the dominant mode will not 
propagate at normal operating frequencies [Ref. 5]. 

The inductive strip (thin metal plate) in fin-line 
1s reciprocal and symmetric and will be assumed lossless. 

As a result, the scattering matrix of the network, 
(E1gure 2.6) 7s as: 

unitary 


S = 5 


iva ZZ 


symmetric (Soy = Sj 5) 
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(a) side view of fin-line guide 


leading edge 
of septum m 


wl 





(b) end view of fin-line guide 


Figure 2.4 Fin-line Guide with Septum [Ref. 5] p 
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(a) side view of inductive strip 
| y 
A 
bo a ——_—____ 
(b) end view of inductive strip 
Figure 2.5 Fin-line Guide with Inductive Strip 


fRef. 5] 
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Figure 2.6 Scattering Matrix of the Network 


Therefore, 
* * 
Te Ie Zine 
[Ss] = and [S*]} = 
* * 
some Til sie Ac 
where * denotes complex conjugate and ~ denotes the transpose. 
Using the unitary property of [S], rome «| = [I], we obtain 
* x = 
Sj, St, + S45 S¥ 5 - G22e18) 
and 
* = 
Soa Duma : Wee! 


Maus, from (2.1) we obtain 
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= Vv) = leu (2.33 


[S44 | LL! 


anc from (2.2) Wetcbram 


* x 
ae a iL! : 4 
Therefore, 
21S,,118,5! cos (8,, -%,5) = 0 (2 
On 
844 - 815 = (2 56) 
For inductivessepsios, 854 -~ 95) = +7/2 ox 815 = 95, 71/2. 


4. Model of there erties iain. 

The flow diagram of the MPAC is shown in Figure 2.7. 
The operation of this program proceeds in a user interactive 
manner. The method of describing the circuit is shown in 
Figure 2.8. 

One of the circuit elements in the MPAC library is 
the "black box." The maximum number of black boxes, which the 
program can use, is five. 

Each inductive strip of the fin-line filter can be 
represented by a black box. The standard form of the black 


box in MPAC is shown in Figure 2.9. 
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Figure 2.7 
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Block Diagram of MPAC Operation [Ref. 4] 
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‘ CIRCUIT DESCRIPTION 








ELEMENTS SUB-CIRCUITS 


2 PORT 
VALUES/OPTS | lconnrcTIONS STORAGE LOC 





Pigure 276 Description of the Entering Data [Ref. 4] 


IWO 


Pareline «2.9 Form of the Black Box Element 
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The black box data are supplied from the keyboard by 
the user in the final step before program execution. The 
prompt that requests data is: 

Mee wecacamun, bl, 2, 2122) for TWO ref. No(1-5) 
/CONT terminates input 
ie 

Each line of entered data must consist of a frequency 
value and four (4) sets of two numbers, which are the magni- 
tude and angle values of the scattering parameters (Say Syo: 
S541S55) of the inductive strip. 

Appendix B contains the MPAC output for all filters 
petcared am this thesis. The output includes both the circuit 
Seseriptionm (including strip scattering coefficients) and the 


analysis results. 
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Iii. ANALYSIS OF THE Pilg mine tiie 


A. OVERVIEW 

Fin-line filters have been designed and analyzed using 
several different computer programs. K.B. Alexander and 
S.R. Hamel designed and analyzed three types of E-plane fin- 
line filters [Ref. 1], in order to validate their computer 
aided design (CAD) program. 

J.C. Deal analyzed the inductive discontinuity (strip) 
in a fin-line structure and developed two programs, FINCAV 
and FINSTRP. The FINCAV program calculates the resonant- 
length of a single resonant cavity and the corresponding 
equivalent reactance of the shorting septum (inductive 
discontinuity). The FINSTRP program calculares the oddgane 
even mode resonant lengths of two coupled resonant cavities 
and the scattering (S) parameters of the inductive strip 
[Ref. 2]. 

Bach strip of the fin-line filter can be considered as 
a "black box" element. The (MPAC) program can then be used 
to predict the response of the filter. The "black box" 
scattering coefficients required by the MPAC program were 


computed using Deal's program. 


Be FILLER CONSTRUCTION SAND Sebo 
All filters were designed to resonant within the 8 to 


12 GHz band where measurements could be made more easily and 


accurately. 
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Sito lnec mol = 35 Showeolctures of the E-plane fin struc- 
ture for all filters. The black color of the pictures 
represents the metal part (inductive strips) of the filter, 
while the empty part inside the waveguide (resonators). 
Pepetem 7o (0) = 2240 cm) (Figure 3.4) has dielectric (e_ = 255) 
instead of air si = ee locwerg= tne I1nauctive Strips. 

Table 1 contains the physical dimensions of strips and 
resonators. Filters #1 and #2 (Figures 3.1, 3.2), were 
constructed by Alexander and Hamel [Ref. 1]. All the other 
filters were built by Knorr. Appendix A describes the mathe- 
matical procedure for their design. 

The filters were constructed of .002 in copper foil. The 
electrical performance was measured using a HP-8409 Vector 


Network Analyzer. 


fee NUMERICAL RESULTS AND COMPARISON 

Plots of insertion loss and return loss versus frequency 
for all filters are shown in Figures 3.8 through 3.23. The 
numerical curve is a plot of the MPAC predicted filter 
response, while the experimental curve is a plot of the 
response measured using the HP-8409. 

Figures 3.9 and 3.11 show that the MPAC program does not 
work well for filters with a large number of inductive strips 
(Filter #2). One of the reasons is the limitation of fre- 


quency points for interpolation. 


(Max sesaumper Of DoineS) <x (number of "black boxes") < 128 
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Figure 3.l Filter #1, Four Stese- 
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Figure 3.2 Filter #2, Seven Strips 
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“Figure 348 Filters #3, #4, Two Strips 
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Ae GE ol 


Bevo tea meeimcistens Of filters 


Filter # l 2 3 4 5 6 i 
peoerips (S) 4 7 2 2 2 2 2 
# Reson. (R) 3 6 it 1 1 i i 
w/b 1 i 1 1 1 .2612 . 2638 
Sl (cm) 4995 .0906 .6197 .6223 .5588 .5285 .1695 
S2 (cm) 1.4252 .4794 .6324 .6350 .5080 .4925 1745 


S3 (cm) 1.4252 so7 61 = - - = = 


S4 (cm) 4995 .6134 - = - = = 
SS (cm) = 5 Selell - - - = Ss 
S6 (cm) ~ 4794 ~ = = a _ 
ey) (cm) = .0906 ~ - - - = 
Rl (cm) 0702 OS500mele 3335 128288 1.400 1.6873 109 
R2 (cm) 9180 2.1160 - = a = - 
R3 (cm) = 2, Lis - - - = = 
R4 (cm) = Z22AoS ~ - = = a 
R5 (cm) - 2.1160 - - - = = 
R6 (an) - 2.0500 -- - _ = = 


lircel } , 
! ie 
i Sl $2 a ess |; sé : S7 | 
aL 3 RA | RS 6 | 
' 1 1 : R | £2 


Bo 


The resonator length is another source of errors. It 
was found that the value of lengen eC7 we -ever, seamen 
For example in Filter #5, with dielectric, for lower value 
2, there is a shift of the predicted response to the left 
(e.g., decrease of 2 by 0.03 cm results in 75 MHz shift, 
Figures 3.1.3 and wee). 

The curves in Figures 3.6 and 3.7 show the experimental 
(circles) and the numerical (squares) values for 954 Vs. 
frequency for T = 0.2 inch and T = 0.05 inch inductive strips 
as determined by Deal [Ref. 2]. In this case the fins were 
centered with w/b = .25. 

The experimental value of resonant frequency and the 
measured length of the resonators for filters #6 and #7 
provided new experimental values of O44 for the inductive 
strips used in these filters. 

Good agreement between the new experimental values of 
854 and the experimental values from Deal's measurements is 
seen in Figures 3.6 and 3.7. It is satisfying that the 
two different experimental methods produce results which 
agree. Scalar analyzer measurements of resonant frequency 
for Filter #6 and Filter #7 were used to calculate 814 fons 
the inductive strips used in these filters. 


Good agreement between predicted and actual response 


has been achieved for simple filters (see Pigures 3.12-3.2378 
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The whole work of this thesis covered two major parts. 
The first was a review of the mmW fin-line integrated circuits 
technology, especially printed E-plane, and its applications 
in Electronic Warfare. The second was the use of the MICRO- 
COMPACT (MPAC) program to verify the accuracy of computed 
E@atccering coefficients for inductive strips in fin-line. 

There are some questions about the limits of the printed 
E-plane circuits. It is not sure that they can be practically 
used above 100 GHz. 

Although Meir [Ref. 24], Meinel and Schmidt [Ref. 25] 
have successfully produced fin-line circuits up to 120 GHz 
and 170 GHz, some serious problems still remain. The print- 
migeaccuracy Of the circuit 1S very critical and the limits 
of fin-line structures in high power transmission have not 
been investigated thoroughly [Ref. 6]. 

This is the reason why the fin-line is used for receiving 
(low power) purposes only. Most of the communication, radar, 
EW systems use receivers up to 90 GHz today. The 140 GHz 
band is attractive for high-volume applications, military 
terminal guidance and small size radars. 

The MPAC program provides the capability to predict the 
response of simple fin-line filters easily and quickly. 

It 1S necessary to know the S-parameters for each element 


(PINeGuGErVe strip) Of the Circuit. Deal's program [Ref. 2] 


aS 


can be used for the calculation of S-parameters. For the 
simple resonant cavity Deal found 2% agreement between 
numerical and experimental results. 

Good agreement between MPAC predictions and experimental 
results has been achieved for the single resonant cavity 
filters. In addition, for Filters #6 and #7, it has been 
shown that there is agreement between Deal's experimental 
results and scalar analyzer results (Figures 3.5 and 3.6) 
obtained in this study. 

The number of interpolating points in MPAC analysis 
depends on the number of inductive strips (black boxes) of 
the fin-line filter. As the number of inductive strips 
increases, the number of interpolating points decreases. 

The distance between inductive strips iS more critical 
than the strip length in determining the resonant frequency 


Of a fin=line cave, .- 
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APPENDIX A 


eae bah renmoOr frit eR, DESIGN DATA 


All test filters (except #1, #2) are built with two 


inductive strips and one resonator between them. WR(90) 


waveguide is used as the shield (cutoff frequency, f = 6.569). 
Figure A.l shows the equivalent circuit of a fin-line 


filter with two inductive strips and a length of fin-line 


between them. 





Equivalence CikeUenenon Fin Line Filter 


Figure A.l 


1. Calculation of the Resonator Length: 


At resonance, 


-~-B2& + 854 - Br + 855 = 5 2up ees (A.1) 


5 


Siee Ory - S551 then 
O54 = 62 -=. ona (A. 2) 
and for first resonance, n = 0.) “ive 
Q 
= =e diel. 
O54 BZ = OQ Oi = =a (Asem 
where: 
8B: phase-shift constant; 
Q:; length of resonator; 
8540 654: angles of scattering coefficients. 
2. Calculation of the Phase Constant: 
For any fin-line the phase constant is 
- 27 ~ ATi y pyr 
8 = 17 oa yASA ) (A. 4) 


where: 


a cutoff frequency; 
resonant frequency; 
A's: waveguide wavelength; 


A" free space wavelength. 


The value (A/A') is obtained by Deal's (FINSTRP) program. 


By uSing equations (A.3) and (A.4), the results of Table 2 


are obtained. 
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Values of Resonator Lengths 


Pa 3 - 6 7 


LENGTHS (cm) e338 P65 6 2093605) laose 


In the case of Filters #5 (2 = 1.40 cm) and #5(a) 
(2 = 1.43 cm) the resonator between two inductive strips is 


modeled as a two port "black box" with the following S-parameters: 


Si, = Sop = 9 [0 


So = S12 = 1 [8q2 


and 


2 


The value of 2 is calculated by using equations (A.3) and 
(A.4) and 2 is the real resonant length. All values of (8 2) 


are summarazed in Table 3. 


Bi 


TABLE 


Angle O45 = -82 in Degrees 
FREQUENCY O45 £Or PP live aaa 6,5 for FPiltem eae 
(in GHz) 72 = 1.40 cm) (2 = 1.430em 
8 - 88.6 - 90.5 
p ~115 ~117.4 
mG) gon ~]4 ize 
ia = OOmece -l6422 
eZ -181.62 - 1/83 
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TABLE 4 


Analysis of Filter #1 


WRITE 

CINITIALICIHG ARFAYS > 

BEVIN oF LOAD €ireuit? ©2r> oe > 

2 

K 

Keyv-in ckt description: then enter frequencies 

? 

[Woe enGee so? .2eoo TWO 2 HOLD | USE } WE €.56e°.9128 USE -1 
> | 


STEF Seabee. | STEP SL! 12 .05 

Sorting frequencies 

EOri, eum SIORE, STOR? CE. <R>. STORE or STGP) 
> 


E 
<Editor> CGNT exits to <Analysis> 
TZ 
tie o ° 
Select print-Tist device '<CPT> or FRINTERD 
2 
Fe 
GH2 OH NH FF CM Z2r= 5@ 
SDE 
1@ TWO 1 CAS 
28 WG CAS 6.569 .2435 


30 TWO ares es 
49 HOLD 1 CAS 
SA USE DCs 
66 WG CAS Gs 262 «Sle 
(Oa Sees 1 CRS 


Prequemeoiert.. 4. Sel 2.2 §©.8  €.4 8.95 8.6 Gir 8.8 8.7% 8 3.1 9.2 9.3 
S19 eece ore) 9.7 F.2 S25 10 16.1 16.2 16.2 10.4 10.5 16.6 10.7 
) Se 14,9 el 11... Os leew flee liat Pe Dives es ile & ples Fas Vita ilo e 
elo 11.6 elas Lelie EV. ¢ 2 i.e 11.85 las. ig elt l2 


CEGUtoro CONT exite to <Analuzie, 
: 

: , 

Enter data (F,11,12.21,22' for TWO 1 
<7 CONT terminates input 

fd 

8 .939,156 .2,69 .2,69 .939,156 

9 .95,137 .31,48 .31,48 .95,137 

1e PauniPeerav ies 64,9765 .51 126 

i 86es1 ts 149,25.§ .49.25.5 .368,115 
12 .91,102.9 .58,14 .58,14 .81,102.9 

y 


<$>,G,H,Y,OR 2 
? 


Sg 
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Analysis of Filter #1 (Cont.) 


S 
RJ], <CMP>, GP DB 


MF 

Do you want to store thizt data im a device frte * e.¥V>, Ne 
N 

CInterpolating> 

Enter data (F,11.12.21,22) for TWO 2 

<7 CONT> terminates input 

5 


(999, 192 ~036,62.05 . Osc, Saclay ee 
.997,138.6 .@55,48 .0535.499 -347,133.8 
@ .991,124 .085,38.3 .085,38.3 .991,124 


1 S99, 11359 2 iope len, 6 boca lie ees eee 


$>.G,H,7¢,O0R Z 


8 
4 
9 
= 
j 
5 
1 
> 
12 2975, 9.8 22a 70) veer eo eee es 
2 
/ 
< 
? 
$ 
RI,<MP>,UF DB 

a 

MP 

Do you want to store this data in a device fila > «OV, He 


CInterpolating> 

<Analysis> 

Select printvitrst device (<CRT> or PRINTER) 
2 

Pp 


60 


REPRODUCED AT GOVERNMENT £XPENSE 


TABLE 6 


Analysis of Filter #1 (Cont.) 


S-MATPIM IN MAGHITUDE AD FHASE 


a 2 i ee 
FREQ MAG AHG NE AIG DE AHG NAS ANG 
g,aaa .989 196.4 -144.68 73.8 -184.88 r3.g 752 «188.4 
&. 18a ~ 761 164.8 -102,80 62.8 -183.60 £2. S 261 154.0 
€.208 ~a5o 151.6 “161.22 64.1 -1901.2¢ é4.1 ecb Toles 
&. 300 .959 149.4 -49,352 60,3 -94,52 £G.3 ~764 149,4 
€.490 as 147.2 -3,.74 Siienel “97.74 Siskel oars ess irate 
@.£0a0 eorr <Weowe -95 394 S4.4 =a, 24 S4.4 37 7 ites 
e.6e0 ~722 143.2 -44.11 Dea t -94.11 new | ~2E2 143.2 
&.700 967 «6141.23 ~32. ct Bie =4 25 aoe 2.32387 6141.3 
&@.&20 -392 133.4 -379.38 43.6 =~, 22 $2.6 ~732 133.4 
&.3089 -798 127.7 -28.42 47.3 -#82,492 47.3 ote Se as: 
3. aod 1.900 135.3 ~ie.S4 46.2 Se. Sd 46.2 1. Gey 25.9 
9.1980 ~ 229 34.6 \W24.52 42.1 -24.52 42.1 ,aeo LES a 
9.200 Ee Cal Gale a “$2.42 49.3 -82.44 43.3 295 133.2 
9. 300 -998 $131.28 -P9.41 49.8 -S$0.41 43,& @#as 151.8 
9.4AQ 9938 1390.23 “78.2! aa le -,s. 31 2.8 -793 $30.3 
9. 5A9 -998 128.8 -Té.16 49,23 re. 16 “,2 -792 129.8 
9,6@2 oain t2r,2 “72.25 43.3 -73.4a5 5.3 eet we ler we 
9.708 997 Ags.6 -71.68 46.9 “71.58 45.9 pote ete .6/G, 
9.206 eee Cee “59.34 45.1 ~63, 344 45.1 Re Pyles Wr ene 
9, 90a aese V fens. | “He. 92 4i.9 “5e.9e fe 798 Ice.) 
10.88 -9792 «#160.2 -H4.40 40.3 “64.40 46. 5 pla Cee 
16.19 eee iPte we “62.10 Rae “62.10 Siar $5 oS ea 
10.20 1.a@@ 116.0 “3.82 33.3 -S34.€2 22.3 1,000 18.6 
18,39 1.uen “11s.e -S6. GE oe <Se. Ge 70.1 LeBeOn 21S fc 
16,49 1.091 Pil -54.@a7 26.0 ea EN, 25.0 804 Piece 
10.90 1.AQ1 103.3 -52.394 eis -Sa.34 ets 1. 31 103.3 
10.68 Me Oe- -195—1 dv ade 16.6 “37.52 le. 1.082 “1G2.1 
le. 7o 1.0982 101.4 “433.758 Viel =O 550 Delve 1.4@0¢ 1A1.4 
19. 88A 1.001 92.8 233,54 4.8 =—s 2,53 4.2 1. it Se. et 
10,99 1.068 oh ee -34.87 -2,.3% =24,287 -2.& 1. a0n Sie 
11.aa 2 295 $2.6 “22.48 -12.3 “27.98 -12.3 a5 3.6 
ies 2991 re. 6 -25.45 -18.4 Sete pale 4 a] 13.8 
ee 984 ane 2 ele oe Sey le es. 2 354 eee 
Pies .27@ 64.6 “19.51 -35.2 #19.51 <s5.4 ary a 
ei el soa 54.0 “15.506 -<-47.% S15 SU eye “41 6.4.0 
Pees ~876 33. “11.16 -85.0 “L1.16 -«8&.% are 23.9 
11.30 prea lin oo “6.85 -92.4 5.25 -4:.4 ey ene: 
Liao . 443 -~R.4 Se eet Se hee =p? Set an 443 -£.4 
11.349 slvr sels l ~2.Q01 -164.4 “2.01 -~-184.4 leis Vac lial 
11.45 -@682 -12.0 ={,45 “163.5 “1.43 163.5 -@68 -12.8 
11.5@ O32? -1089.7 PG Vasea pote Asha <2? =109,7 
leew -145 -166.4 -{.1a 142.0 -1.18 183.0 14% -<1Fe.4 
11.69 234 168.2 -1.17 #5. 0 =t.i7, 25.9 efd 162,% 
11.65 ~-3@3 147.6 “4,15 tee “1.15 be.& 402 147.4 
i. 6 werl” “tes. 8 -.S¢é 436.3 -. Ge. 4A, = el 123.8 
liar ~ AIG S628 -.41 14.6 -.41 14.49 Je an. & 
11.88 2.256 -104.8 -.64 -18.9 -.64 -13.9 o2e6 ~194,0 
11,85 ~€12 -141.3 “2.65 -S2€.3 “2.65% -S2.3 -613 ~-141.3 
11.30 -8082 -167.8 =-—.82 --r.0 =—Seace “to oie -167.9 
Pinos -89) {7e.3 “9.02 -93.8 “3.02 <-2:.0 S91 iat eae | 
12.88 -92r 165.8 -11.27 -103.8& -11.37 -193.8 Bote) LES. 8 


ol 


WRITE 


CTHITIAL IZING 


TABLE 


REPRODUCED AT GOVERNMENT CAFEN. 


Analysis Of Rigeeue 2 


ARRAYS > 


KEY-IN or LOAD circuit? 


2 
K 
Keu-inm cht 
> 


TWO 1 
» 


WG 6.569 


Geszcription: 


<. 85 


TWO 


CK 


tren 


THO 9 WG 6.569 2.136 USE a1 
”» 


STEP 8S lane 


STEP 8255. 


Serting frequencies 


EDIT, RUN, STORE, STOP? <E, ¢R>, STOPE or STOF) 
° 


E 
<Editor> CONT exits to <Analvers> 
> 
Lis © 
Select print/list device ¢<CPT* 
3s 
P 
GHZ OH NH PF CM ZR= 50 
SDE 
1@ TWO 1 CAS 
20 WG CAS 6.56% 2,85 
38 TWO 2 CRS 
4A WG CAS 6.569 2.116 
56 TNO 3 CAS 
6@ HOLD 1 CAS 
78 USE 1 CAS 
86 WG CAS 6.569 2,103 
$@ TWO 4 CAS 
19@ WG CAS 6.562 2.136 
110 USE ~— =f CAs 
Frequencies: © 8.2 82.4 3.5 
@.68 8.7 8.72 8.2 9 9.2 
Lee Tite in se ie 


<Editor> CONT exits to <Analysiz-e 
3 


R 


Enter data (CF,11,12,21,.22) for TWO 
<7 COHT> terminates input 

= 

-6,142.75 .35685,53.95 .3685, 53.7 
9 26¢C4,12956 5 Ge 2agete so ne celye 

”» 

1@ 1.599, 120.7f a¥S95,oleon ss Ayo! 
° 

a -5331,114.4 .8460,24.5 .8468,2 

12 .48,10@.75 .8735,19.55 .8735, 

; 

<S>,G5,H,Y,OR Z 

? 


w 


R1,<MP>,OR DB 
2 


Me 
Do you want 


to store 


720 


2 WG 


Orsay 


82 


» 


this data 


tn a Gevice file 


frequencies 


2.116 TWO 2 HOLD 


or PFINTEF> 


I 


GZ 


WSE 1 WG 6.569 2.103 


yy WN? 


TABLE 8 


Analysis of Filter 72 


N 
<Interpolating* 
Enver Gata (Faltoic,21,22. for THO 2 
<- CONT> terminates input 

i) 

Pesta, LOG. Oo weal bo.s 5 


°9345,136.75 


IO ID - 


cat) 


»8®R45,12 


wn 
on 
if 
a 
b 
i" 
ta) 
wn" 
n 
in 


eel72, 14,9 ,6199 1459 


S>,G,H,7,OR 2 


DM IA NV) we --y we 4) oe 


R1,<MP>,OP DB 
i 

MP 

Do you want 
N 


CInterpolating> 
Enter data ©Fotl,12,21,22) for TWO 3 


to store this data 


<7 CONT> terminates input 

> 

@ .97¢, 1398.77 .1292,68.80c .1892,68.02 .9r7,158.77 
> 

Season tae er ewer 1.40 fer te, 4a 2 9S, Lar er 

° 

1@ -9278,125.62 POS. oo oT Sov Les oo e Oa Meroe. letsbe 
> 

Pee Cede 4. Go aed aos Ae Fete. ede So 84, 114.85 
> 

ieee Soo nOG wose,l Sect « Neagides eoaGe., 1a. O03 
s 

7 

<$>,G,H,Y,OR 2 

? 

> 


RI,<MP>,OR DB 
» 


MP 

Do you want 
N 
4interpolating> 

Enter data (F,11,12,21,22° 
<7 CONT terminates rnput 


a 


to store this data 1n 3 device 


far THO 4 


- 99485,158.65 Mle GOs 2) Tae aloe .od 


 eCU ssw oe scord,4s .2695,478 «9695, 137.65 


GC, 9eegyles. 42> .3495,35.95 .2495,35. 95 
0 43275,25.4 
tere lav Io 


CeO ob eed D 29299, lee 2S 


8 
» 
9 
? 
! 
? 
11 .887,114.5 
? 
1 
? 
7 
<S>,G,H,Y,OR 2 
? 
S 


R1,<MP>,OF DB 
? 


MP 
Do you want to store this data in a device file 7% C4. 
N 4 


<Interpolating> 
<Analysis> 

Select print/list device 
> 

P 


C<CRTD or PRINTER) 


63 


TMi awaewiice  taiie sO <oy 


fy ier 2G iy 


°8355.101.95 


REPRODUCED AT GOVERNMENT EXPENSE 


CGont...) 


REPRODUCED AT GOVERNMENT EAN 


TAS LE 


Analysis of Filter 725 (Gowe., 


S-MATRIS It MAGNITUDE AND PHASE 


t1 te A ec 


FFEQ MAG ANG 1 ANG DE RNG NAG RHG 
$. 008 «968 Chen wo =e ke 23.6 =e Ve 23.6 715 laa 
&.2AG -937 Seca. Sg ee ait =O see =) ,2aP. 189.5 
8.490 eters 46.5 =Soe4? Ea eee "23.47 -85.48 mela 45.2 
3.589 O78 =1tes01 = 5.04 $2.9 =3.i4 Reed alice 1359 
$.520 14) ft as =4. 35 42.6 -4.355 42.6 ~147 93.3 
2.548 218% 135.8 -4.14 15.6 “4.14 16.6 ~132 33.4 
&.56a 6194 143.2 — See m bane ~3.81) “=t3.2 <O7% £1.38 
&.58@ 195 143.4% = F208) 2 ~ 414 6 =,24 -41.6 ee ei 
8.600 ee1S) 44.6 3.86 = 6o ee -7.38 “63.2 ~-lel -144.4 
&.620 seeG le7ce =3.26 <-24.6 =o awe 2208 -165.0 
8.640 wea? leo. 4 =2.07 =119.'6 =f. 16 Sabi Se: wil 1 326 
&.€69 seco ei. & Se eee ee pe a) ts eC L 
£.680 erst gas Sowa Ae tae ss ~aeSe Sle se ee 14e.8 
B. VO ~ac? €1.2 -Z.67 169.8 Se sat Ge ee el oe Sa 
8.°2@ o ONG a= 30 38 Stege dG e =a. 0e 13350 wh22. Msca 
8.809 1&3 —148.7 seca g 4°.8 Ses ae 47.0 O77 oil 
9. 09@ 0940 -142.5 ~ese Ol ~Lesden =25.01" 134.8 s 243 -144.8 
9.200 .967 1783.8 -44.39 23.2 ~44.33 2309 oor sles 
9.408 968 162.2 =9h4 26 tas =55. 35 fre! "69 162.2 
9.699 769 132.8 =. 99 69.5 Sto e59 66.5% os eee ie) 
9. 20a ooh 1 lade -6°.S9 38.4 -6,.58 32.4 oe 144.2 
19.98 oot oo Me riere = Gil alee =6— .97 Dl aie Sr 137.4 
1A.298 -382 slog -1@.42 Gia t -TH. 43 45.1 Heme  selee 
10.48 867 Veo. ! =h9.68 33.8 =o. 6s 32.8 Some 125.1 
16.68 ot i a) “Gr .e3 se. 4 =F. Os oat oe tele. 
19.29 ~ 29S Liz. =i oP eder “64.87 See Sei e. 
11.ag oe esa SO is.4 =h0. to 13.4 <2an 105.9 
11.2@ poe 968.2 =o ees 1@.2 Pace 1A.e2 aor 93.2 
11.49 998 22.2 “42.14 26 -4o.14 & «295 ao.) 
11.60 323 Cte =3o.61 =) ho- —se06) olla Peo ‘red 
11.80 -o29 29.9 =24.66 ~=31. 1 =24.628 <31.1 aJos 53.2 
12.08 1288 Ce.r =. 20° oles So Sees ches 2 ~-154 144.1 


64 





TABLE 10 


REPRODUCED AT GOVERNMENT EXP 


Analysis Gf Filter #3 


WRITE 

CIHWAITIALICING RRRAYS > 

KE'Y-IN or LOAN cirevwit? ¢<K> or L? 
> 


K 
Fev-in ckt deseription: then enter frequencies 
2 


moe! HOLD 1USE 2 WG 6.569 1.3335 USE -1 
° 


Sbree te oOo Stee 2.9 10.9 2025 

Sorting frequencies 

Soi, FUN, SIGRE ,-st@P> cE, <K>, STORE or ST1TOF) 
5 


E 

CEditor> CONT exits to <fAnalysis> 

a 

Lis 8 

Select printzlirst device « “CFT. or FRIHTERD 

“ 

P 

GH-2 OH NH FF CM ZR= 5O 

STB 
10 TWA 1 CAS 

<@ HOLD 1 CAS 
eee 1 CAS 
46 WG CAS Geoeo 9 lasso 

Soeuse =<! CHS 

BaeouUv nce se see fel ale Bee Been Sea st. c59 S.4 8.48 S.5 8.55 3.6 
Se50 2.7 "Ssr>o  §.8 ©.85 8.9 &.959 9 2.05 9,1 Sn ke Meese oss. 9. 35 
oye oeeae Ono s oo 2.6 S260 Se, “S570 825 8.25 1.7 @.228 9.95 9,975 
Does eo oes eno Lh Lote a ee eee. les 610. l|lU1LOU BESS CUO. 2S 
ies le. ce Lee sees PA oe eo e Oe Lee OU TUNA da OUI Sle. S25 
tole; eis tA, Goce hokage  bOeees 1R,-cSs 10.78 1.775 186.8 
Lo,e25 Ve.85 i8.a7S 18.97 20.55 11 LSS eel «1 liege lee aes. Ll. 3 
ice ee ee eee Las Pigeon l lee elem Lier liar’ 12.8 11.85 11.9 


Li 35 2 
<Editor> CONT exits to “<Analysis> 
? 
R 
Emterredata “ry licic,cl,cc> for THO 1 
f+ COHT> terminates input 


? 

Ceci wade sles e ho. Ge .lsSeZ seo. Ae 1977 Loe. re 
? 

Pe Tome lanes wet lee tS sar lease . 259 cl sr ade 

Zz 

PGee fete glenuee 2 tolo, scones atele, oo. or «fee. leone 
? 

Piles ees giles Go -«4499,<¢0.95 .49995,265.95 .854,114.65 
“ ~ 

[2s erg~UewOs «ldcyglos3t soge. 13.37 .S362.192.90% 
° 

4 

<So,GyHpt,oR <2 

° 

S 


R1,<MP>,OR DB 

? 

MP 

Do you want to store this data 1n a device file 7 ¢°% 
HM 

<Interpoalating» 

<Analysis> 

Select printzlist device ©CCPT* or FRINTERS 

? 

P 


62 


Tea tk) 


REPRODUCED AT GOVERNMENT 232 


TABLE ia 


Analysis of Filter #3 (Cont.) 


S-MATPI® IN MAGHITUDE AHD PHASE 
11 he 21 ee 


FREO MAG ANG DB ANG DE ANG MAG ANG 
g,ane .99$° 188.7 =34.72 67.2 =34.)42 0% 02 55 158.7 
g.ase 992 157.3 -34.39@ 65.6 -34.2@ 65.6 Seeelon. 2 
8.109 991 16.0 ~=33.66 ©c4.2 [33S oe .231 1568.0 
8.150 989 154.7 <33.41 62.9 -33.01 7 228 289 154.7 
8.200 .988 153.4 -32.96 61.4 <-32.3f 61.4 Shee eed 
8.250 .98F 182.1 =32.385 §ee.o =32 sauce , 935 een 
§. 300 06 190.9 -32.01 59.6  <—-#e.01 5220 886 150.3 
8.350 .986 149.6 -31.52 SF.8 <-31.53 57.2 986 149.8 
g.4090 .926 148.3 -31.92 S6.7 -31.03 56.7 986 148.3 
g.458 986 147.1 <38.52 55.6 <-309.52 55.6 See Sfage 
g.500 62996 145.9 -30.01 S4.6 -30.01 54.6 633500 145,3 
$.550 6287 8144.82 -29.49 $3.6 -29.42 §23.5 987 144.2 
$.600 925 143.6 -28,96 52.6 -23.95 $2.6 . 986 Piaane 
2.652 6989 142.5 -28.41 S1.7 <-23.41 1.7 985 142.5 
&.7009 .28% “fal. 3 “=27.85 950.8 © -2neee eeeade 2322 131.3 
$.750 991 48/2  =<27. 90 ese9 <2 eth sae 951 140.2 
&. 8a0 992 13951 © =Z2e Fe nB SO) =ce2e eso ee 92 129.1 
2,850 .993 138.8 <26.13 48.2  <26.i3  as.2 .292 123.0 
8.200 934 196.9 -25.53 47.3 -25.53 47.3 .294 126.2 
S.959 995 165.9 =<24.92 S62") -24092 eos 6945 125.9 
9. 920 996 134.8 ~-24.29 45.6 <=24.29 45.6 996 134.8 
2,052 995 1399, “=23.69 94406) 9 -2e4e 7 aces 6295 133.9 
2,108 998 1399.0 =23.07 43.6. -23-0, 4ee. . 995 doc 
9.150 S94 132.0 —=22549) VaonSeueeotas 2 oes 294° «132.6 
$. 200 -992 131.0 -21.7 4156 9 =Zi.¢° (4.0 .922 121.0 
9.250 ,992 130.0 -21.09 46.2 -21.a5 4.2 952 136.0 
9,300 991 129.0 =<20.98 S381 -=Z0sssuged 941 129.0 
2,258 5989 127.8 13.64 37.2 <18.84 37.9 eee ere 
a. 400 988 126.7 <18.87- “Gee6> =Iees ace = 2882 126.7 
9.450 985 125.49 =18,65) 35.2 Sievers 2 6986 «125.4 
2.500 984 12450 =10.82 328.7 “eigeeo me ee 6224 (124.0 
3.550 .961 122.5 -16.32 22.1 <-16.392° 32.1 P21 ees 
3.€00 977 120.9 15.29 26.3 -15.39 36.2 Ata len. 
4.650 972 119.8 14.38 28.2 <14:38 23.3 “G7 er Migs 
9.7080 6966 116.9 =<13.31 26.6" =135 310 ee.e 6886 116.3 
4.750 .257 114.5 “=18.15 (23.2 ““<pesiseeee ss 28 is. S 
3. 200 2920 111.6 18.90 2a.1  -10.90 2.1 64h o1t1.e 
9.850 1924 «108.0 -9,5% 18.1 -3.52 18.1 24) 193.6 
3.900 ROP lOae os “2.04 11.1 =3 04 ed sao) fhsas 
9.925 .871 126.8 -7.25 2.6 ee 2.0 .871 10.8 
9.959 £243 ton ~6.42 pe ~6,42 4.4 45 4747 
9.275 806 94.1 -5.57 3 -5,57 3 6ENE 4401 
19.00 752 90.6 -4.70 -4.6 -4.7Q0 -4.6 TS? | 98.0 
19,03 696 95,4 -3.85 -10.2 -3,25 -16.2 .646 © 85.4 
19.95 616 80.3 -3.02 -16.7 -2.0% -16.7 61k | -£O.% 
19.a8 6513 75.9 -2.22 -24.3 =2.29 eaan3 51> 75.0 
18.10 .286 79.6 -1.66 -33.0 “1.66 -23.0 383 © F OLE 
10-13 rae Ten =| 29° “2425 -1.22 ~42.5 sede er ieo 
10.15 119 © 95.8 -1.04 -52.4 =1,04 =S254 1190 96.8 
10.18 Siteelioos? -1.A9 -62.2 -1,.02 -€2.2 .147 162.7 
10,20 ors 176.6 “er aries $1.37 =ehes ee 
10.22 .399 175.7 -1.90 -?73.6 “1.80 -75.€ 52980 .475.2 
19.25 582 172.0 -2.35 -#6.9 “2.35 -88.9 .502 172.0 
10.28 586 167.8 -2.95  -%3.1 -2.95 -33.1 .58€ 167.8 
19.30 .652 163.9 -3.57 -95.3 -3.57° -98.3 652 163.9 


66 


PEFPOSUGED 4 GOVERNMENT EXPENSE 


TABLE 12 


Piadivcrs Of Falter 43 (Cont. ) 


10.33 ~f44 1680.2 =4,12 =10:.8 =4,1> =<102.8 704 150.2 
19.235 of wat dett al =40 0 Me Ses OS Leber pede bored 
19.38 oft. 153.3 =J.ce -119.¢ = Ji cee 118.0 safe 154.3 
10.48 -804 151.8 Se Pe ae ae 2a Nes -204 171.8 
1Q.43 -S26é 149.6 “6.41 =115.4 -5.41 -115.4 -S25 143.6 
10.45 -B44 147.7% “5.92 -)1¢a6 fi ota) eee lat es rds 147.7 
18.48 +853" Fl45..9 ae es 4a lee Tie Soy Tt oa eal oes 
10.59 -87G 144.3 =e Oe Sle lies Si cir ale Vor t secre 144.3 
10.53 821 142.3 = Cel o= le a0 =. 15-12 3.'0 - 391 142.8 
1@.55 <o0 7 Seeds a =a ete a @o he Thats © #82 141.5 
10.58 ~C27 198.3 eat lean Gs tea eet A od soe 240. 2 
16.60 ~ 903 129.1 =~Jeetu—dec 4 =e alee ot 2s eel aol 
18.63 989  13e.1 =F el lass =a,51 =led.2 ~-703 1355.1 
10.65 <914 37.1 =9,88 =<123.3 =a 80) 212763 ets Sa al 
19.68 2915 «136.2 ={, O25 = 1S. 2 =19.08 =1350.3 sais lee. 
10.7 cL lao. 3 = (isa shine =18,54 =13). 2 eee esac o 
iG.73s .92€ 134.4 “10,32 -1lec.2 Tie te +l Sale a S26 134.4 
10.75 Poo loss =i el 2 O esse eas oo 5 4 cfas “Lorne 
10.78 oo Sa 7 [Totem -lso. Sets 3s. S nest Sita 
10.89 wood Me. ce a AP |e ce es Sec + s+. 6 ee Oe lieien atl 
10.83 so 36 131.4 = erase 211.44 <=125.4 cee 1s1.4 
10.&5 -938 136.8 =11 562 5eh3e 2 ete — tse. 1 woes 1o0es 
19.83 2348 130.1 =11.€0@ =-136.8 =i. ses = 45,5 So aad 
19.98 4) 129.5 =Alte O06 o— tos Sea c memel oihra » 41 L227. 
1g. 93 944 128.3 =lg.28" -138. 0 =(2.e0 =133.0° eaes Sos 
11.90 soar. her « Sled boo. 2 =le. oo. 123.3 soa sian e) 
Tl. OS 09492 126.0 =(2,60 —-141.1 =l2.58 -141.1 woe elec. 2 
11.10 770 Leo. @ =~12.0en-Is2.2 -13.03 -14c.¢ 750 125.8 
Tie sone  1e3.9 ~Tsae0>taees See 4 oS toe laa. 2 
11.20 fo52 molecs lense 13474 “13.41 -144.4 aos ees 2 
rl .22 0954 122.6 Se ee a ls. ai oi to. 4 aoee lee. 
ipl. Se woos 121.9 =13.¢1) ~146.4 “13.71 -145.4 poole sae 
11,33 eee. | 6leO. 4 =|2.82 =147.3 213.82 =140. soe eG.) 
11.49 25, 119.1 eam 1 Sas =b2724 =143. 3 aoe heat 
a. 43 253 118.2 =14 203 =144.35 =a 035147. 5 sone lisse 
11.50 2999 117.3 =14cde -150..2 ata Viele oe ap el ee den as 
11.335 ow ele. 4 a ee Aled Sie lol al Pee lac 
11.68 <960 Shs. 3 =14,.22- -l32.0 =(4.29 —=152,8 peti) cs 
11.65 -961 114.6 =SVwer 2 loa. 2 =A eee el eee -9e) 114.5 
Gr cool ells. ¢ =14. 38 -1353.8 =14. 35-1 oes ed ells. 7 
Pls t2 9682 112. “14.32 -154.7 eA es] elas =i er Poe 
11.80 eGo sells 9 =i4,32) -157.'6 at45 322" loo. 6 a ooteomed ll. S 
11.35 993 211.0 =14,32 =156.5 “(4.32 =156..% gee 111.8 
11.96 964 118.1 eae ee eet =l4 0310 — tan. 4 sted 1h. 1 
Pi. 9s -765 199.2 =14.24 =152.2 =14.29 -196.3 cfee VARs e 
12.09 7766) 168.2 =Vawe feo. | =a ace — 1 eae 945 1858.2 
\ 
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REPRODUCED AT GOVERNMENT EX 


oe eles 


Analysis of Filter #4 


WRITE 

“JHITIALIZING ARRAYS> 

KEY-IN or LOAD circurt? €<K> or Ld 

a 

K 

Keyv-in ckt deseriptian: then enter frequencies 
“” 


TWO 1 HOLD 1 USE 1 WG 6.569 1.8288 USE -1 
5 


STEP 8 1c «5 STEP 2 59505 ees 

Sorting frequencies 

EDIT, RUN, STORE, STOP? (E, <R>, STORE or STOP) 
7 


E 

<CEditor> CONT exrts to <Analvusis> 

> 

LIS @ 

Select print/list device © CFT> ar PRINTER? 
> 


Pp 

GHZ OH NH FF CM ZR= 50 

SDE 
{Qa TWO 1 CAS 
2Q HOLD 1 CAS 
3@ USE 1 CAS 
44 WG CAS 6.67 ea. ood 
So USE “=1 Crs 

Frequencies: 8 8.85 8.1 3.13 “82.2 $2525 (S05 Ses 2 eet oc eee) 
€.8S €.875 856 8.625 2.65 3.673 9Se0 9222 eo (Sen 0 ee ee oe oe oe oS 
6.875 8.39 8.925 8.95 6.975 © 9.025 2.035 2200S ee oo tS 
9.2 9.225 9.65 9.275 9.3 Gig25 ASS ses) es ce ee ey Ses 
7.35 9.6 F.65 9.57 8.759 8.258 S.35 we ee co eee orn. 2 
1@.2e€5 10.3 18.35 108.4 10.45 “1655 Wess) TOseuees Oe ooo. oS 
10.85" 10.95 1855s 1t.eo Voit 1t.13 lise 4565 Dive iiss “1.4 
11.45 21.5 71658) T1.6 F1.653° Ple? Views Ale Si. So ee oe 


<Editor> CONT ex1ts to <Analysis> 

= 

R 

Enter data (F,11,1¢.¢1,22.> for TWO 1 
<7 CONT> terminates tnput 


? 

GS .9¢7 ISR. C? F188 2, See ee 4 S32, Bete more loans 

? 

9 .9397,137.47 .2718,48 «2°18, 48 .95997, 137.47 

10 .9273,125.62 .S3912, 95.87 Vesls, so. ee oor oe eo 
> 

if .894,114.65 .4395.25.4%5 .429%,c5.45 -.5e%,019. 62 

> 

12 .636¢,162.03 .$32.13.3;5 .S32,13.55 2es6e, ea 

? 

7 

<S$°,G,H, 7, 0R z 

Zz 

S 

RI,<MP>,OR DB 

s 

MP 

Do you want to store this data tn a device file ? (CYL, ND 
N 


CInterpolating> 

<Rnalysis> 

Select print’list device (<CRT> or FRINTEPR, 
a 


P 


68 


FRED 
8.0228 
3.050 
8.100 
6.150 
8.208 

25a 

2AA 

34590 

4a0 

458 


© 0 0 0 YD GO D OD 
oe 868 8 8@ 6 © 8€© e© @ @ 
MO DOINNANAHA DH A Men cn 


NUN DN 'AN DD SEAM O-1 op yD 
ADADMAVWADAMADQMAUNADUNAO 


° ° 


wo 
© 
> 


~ 3925 
250 
a75 
. O80 
B25 
852 
ars 
1Q8 
125 
158 


PRR 
hf} OD ~J 
cA UA 


DOO ODO OL OO YW ODO OD ODVYWVDDUDR MM DOMADADONDMHMNWWO DD 


. 258 
62045 
200 
oe o 
oie 
oe 5 
. 420 
© 425 
45a 


Analysis of Filter #4 


AHG 
aa 
sities 


— ee ee 
oA AA A 
Oo DM WA sb 


147. 
14eé. 
144. 
144. 
143. 
142. 
I41. 
14u, 
133. 
138; 
Loa 
136. 
iss. 
134. 
13c. 
13%. 
123. 


tee. 


— 
££ 


— 


—s 
ANN HEWN DD DO DMD — A Ra 


e 


— st ee ee fe 


Nw & PAIN & de AD 


as 
4 
° 


cl 
A 


Ke DO DK WONG = NY & DM HEPA NIN ANNO) D~LWOP-lK~ the & Ow 


153. 
130.3 
149.9 
147.4 
l4n.t 
144.93 
143.8 
142.9 
142.0 
Pai 


S-MATRI > 
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Analysis of Filter 74. (@ene.) 


a.4°? staan 140.5 -15.94 -123.€@ “19.54 -1¢2.6 “ole 140.5 
9.5a0 <9t(S 133.2 ~16.22 -128.8 “16.23 -128.8 -9rE 139.8 
sy 28 6980 138.5 -15.90 ~130.1 -16.90 -136.1 6438 «6138.5 
9.688 -98e 137.4 =r ete =131.3 “1r.42 -131.3  eSe  L3r.4 
97.658 2a 8 sees Seats SG ate se eee Pg =) I S| 
9.7280 ~982 Wstes “18.27 -133.5 =“lS.20 9“leo09 ~ete We ses 
9.758 -984 134.4 “18.61 -134.5 “12.61 -1234.5 -784 134.4 
2,.80@ ~984 eee ~1e.90 -135.4 -13.9@ -135.4 ~r&4 133.5 
9.356 seo 32.6 =(A,1s -l36,> “19,15 -1l3e. 32 -7ES 132.6 
9.9@9 -96€5 131.8 #-19.37 =~137. 1 =[2, 37 =leaetl oes 21S. 5 
9,358 s7e5 61s1.@8 cao opal oy eae tcrier el -13,55 -133.@8 so Gober a 
19.068 98S 13052 “19701 ~les.3 -19.71 ~le2.5 eee oe 
10.¢@5 o Fe es “13.91 -12337.4 =(2, 3) 0-12.74 oie Leta 
19.10 -38S 128.8 -19.909 -149.6 “19,90 -149,0 SS) 123.32 
Lees 2 324 123. 1 -139.97 -148.6 “147.9r -144.8 784 Loca 
10.20 .924 127.5 “28.82 -141.3 -28.G@2 -141.3 28a d2F.5 
Leo 2 ~2¢4 126.8 “28.05 -141.3 “20.85 -141.92 984 1oe8.e 
10.39 69384 «126.1 “28.07 -142.5 -2a.Qr -142.5 -484 126.1 
LQ. 33 .982 123.4 =20 Ws =P sae “20.83 -l1d2.e . 2Ss | a | 
16.40 ~782 124.” -20.87 -142.8 -2%,0F -143.8 -422 124.7 
10.45 ~9832 124.8 =e = lat W“20.Q8 -144.5 ~*835 124.8 
19.59 ~8ee Wlheswc Oe om La are “20,02 -145.2 Poe wales. o 
1c. 53 382 e2.5 “13.9398 -145.% ~13,97 -145.2 ase “P2256 
10.6a ~9Se" 121.9 “19.92 -145.5 “19.92 -145.5 oooe Senin s 
10.65 2981 Velone “19.86 -i147.2 “19.66 -l47r.2 oe ea 
17S 981 rewis “19.75 -147.% “13.72 -1l47.53 cal hes o 
1n. 78 931 119.8 “19.70 -145.6 “19.70 -143.6 -*S1 113.3 
10.90 ~-968@ 119.0 =( 36) = 14> 74 =12 [oie 14a “88 “fis ce 
14.85 . 28RF 118.3 -19.56 -158.1 “13.58 -150.1 -720 1135.3 
16.292 62928 117.6 =1(9o5 20> = lage -193,.39 -150.2 2a lls. 
14.95 -979 116.8 =1{A,;er =o igs \“ls.e7 “151.8 oon Tet leee 
11.@0 3,9 Lie. @ “19,14 -152.4 -1=.,14 -152.4 oa 116.8 
Pises ~974 115.3 =e es | eee “$5 ,08 -153.2 «aig eects 
11.10 ov Send. > -19.25 -154.0 =[S,23 -lod." ied eel at ea 
Lele 98 113.7 Wistert em lead ES eto n ecisienc: 28 eles 
11.29 ore 9102.3 “18.S2 -155.6 =-10. 32 -1o5, 6 <2 eS 
Peers 2Jre = bile. “1.24 -156.4 “18.34 -15e6.4 sr ols 2 
11.390 OF Cael Vae = bee ai ~[S.le =lo7.- oS) ell age: 
Lia Surtees -17r.9f -158.1 “17.96 -152.1 vane EBs 
11.46 oo ee ats “17.76 ~152.@ “li .ch @=133,08 con ss 
113.45 -A76 186.6 “17.54 -153.9 10634" -15 4, > “5 108.6 
es tts .7re AG, LF “lia cen seas “17.32 -120.8% oie ie wat 
bins FF «610807 -17.02 -161.7 “17.09 -1é61.7 o4°e 8108.7 
bieee <SRe Me Le Tie -15.44 -162.6 W“1le.84 -182.8 . “(ea 365.8 
11.65 «37S 144.8 “1e.5% -1583.6 “15.524 =-Jes.s ees 1HW4.8 
tis 8 oS Leas -fen se Pea =e sae lee Ace eb Roig 
Piven .975 AdGe.8 =e Oo = | eo =e et ee ht eat aS Selita as 
11.88 e305. TOLL -15.76 -1€5.5 “15.78 -1e86.5 aie SAM bos 
11.853 225 S URas 7 =(f.4e =16%.5 “15.46 -167.5 «let CMe Chicas 
11.98 (ora a6 -15.15 -1€9.6 -15.15 -tes.6 . aS 939. 
1 a Bc lr 93.4 “14.83 -169.7 -14.823 -149.?7 pers 28,4 
12.80 a 97.2 “14.90 -1°6.7 19.590 -178.7 .974 ae 
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TABLE Ve 


Noe Se eis pak Ihefsig 7S 


WRITE 

CINITIALIZING ARRAYS> 

KEY-IN or LOAD circuit? (€<K> or L> 
2 

K 

Kev-in ckt 
> 

TWO 1 TWO 2 TNO 3 

es 

STEP 8 12 STEP 9.5 9.6 
Sorting frequencies 

EDIT, RUN, STGFE, STOP? CE, <R>, STORE or STOF> 
5 


description: then enter frequencies 


“ 
sm 


- 685 


E 

CEditor> CONT exits to <Analysis> 

Z 

FE 

<Editor> CONT exits to <finalysis> 

> 

wise 

Select print’list device «<CRET> or FRIHTERD 

“» 

p 

GH2 OH NH PF CM ZF= 58 

SDE 
18 TWO 1 CAS 
2@ TWO 2 CAS 
3a@ TNO 3 CAS 

BPeGeGMencCVea ers See O69 2.5 4.2 2 S22 9,4 9.5 © 
Soo see Saco o)6|66UW.ODe.6 6S. SSS .606[6USSS.6[U8CSESS 6lUS. SE. US. 
Boo weee rae .o9o 82.6 9.9 168° 160.2 1824 10.€ 18 
bis 2 

<Editor> CONT exits to “Analysis? 

qs 

R 

Enter ematemer. linitc,cl,ece? for TWO 4 

<7 CONT) terminates input 

? 

8 .979,146.46€1 .2,56.46€1 .2.56.461 .979,146. 461 

? 

9 ~~ 260, 135.9070 mar Mea oa re ~274,45.870 s [6051 25.5, 8 

2 

Poa oatplaec. 751 sous. bos 961 6 254,22.961 2.335, 122.561 

>) 

iwc! ple tee oo Aa 2ocbaeo .448 csehes . S397, 11s.625 

5 

lA2meeaie ee, rae, det, tler42 woenm.ll.rd2 «$49,101.42 
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SA 
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Do you want to store this data in a device file 7 “KY, 
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Analysis o 


<Interpolating> 


Enter data CF, Piste. eclgece Sora 
<- CONT) terminates input 

8 -A4,8.8 1.80,-88.68 I.0,-82.6@ ° 
° 

9 wane. 1,.0,-115.@@ 1.0, 115.68 
7 

16. ..6,0.0 1.8, —-!38. 320 1.86.4 ise.. 
1% .8,¢0.90 t.6,-)602s5 1.0, - See 
12 .9,0.0 1.9, -181 6. 2.05 -151 6 
> 

ee 

<S, 5,4, , CF 1 
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PIl,<mr?,0R DE 

ig 

MF 


De you want to store this data i 


<Interpol ating> 


Enter Gata <F, 01 vt2. <6! 22 for 
<- CONT> terminates input 

“ 

@ .984,146.74275176,55.742 stake 
5 

9 . 96%, 135.211 dro. cll eee 
s 

190 .946,124,.031 .322. 34.631 «326 
5 

11 .914,113.414 .485,23.4!14 .495% 
le .868,180.969 .495,18.969 .496€ 
2 

oo 

ag a glen 1 giclee Z 
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S 

RI,<MP>,OP DB 
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MP 

Do you want to store thiz data 1 
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<Interpo) aring> 

CRnalyveis> 

Select printvlist device (<CPT- 
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eo & 
eM4de, 124.831 
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510.962 .€62, 180. 96% 
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TAB Eas 


Analysis of Filter #5 (Cont.) 


S-MATFIS? IN MAGNITUDE Attn FHASE 


bal 2 ce 


FREQ MAG ANG DE RHG DE ANG MAG ANG 
@.ana 6999 #145.7  -33.50@ 55.9 -32.5@ 955.9 .999 146.2 
@.200 .998 143.9 -31.22 52.9 -21.22 52.2 6999) 1493.5 
3.400 .998 140.1 -23.29 50.0 ~-2¢.98 50. 649% 140.7 
8.620 .999 136.9 -26.18 46.2 -26.18 46.9 .99R 137.7 
e.ane Paces. 6 25509 Conse" 85987 43. 5 .497) 134.4 
a.,gan SSGderict. 6 -~ =—$9.73 Sas <18.73 23.5 £295) «130.3 
2.208 Pocaenic{.6° =18i, 12 2255 CHiSe.i2 S255 2225) “12822 
a. 40a 6919 184.6 ~R8.12 fee =-8.12 lee f202 “tlds 
9.500 661 76.6 -2.491 =a,2 -2,2] =9.2 .ESS | Od 
9.505 Peooe lidee 2504 254 ye wl.84 -11,4 aa 23,5 
2.510 Peon fi. 5 -2.28 -13.€ =2.3% -12.¢€ Jie. aT. Ss 
9.515 el 62.7 2.12 -18.8 seals ) toe 258000 E.G 
9.520 .535 685.7 ~1.87 -18.5 “1.87 -18.5 eae 34.6 
9.525 ae. 62.4 =(iyed, =2 2 S{.eo  <21,2 2509 23.23 
9.520 6456 SS8.2 -1.42 -24.@ Sedo =. 450 we: Saal 
9.525 sate $5.6 “1.21 -26.3 “1.21 -28.8 e4ze> S152 
9.542 .365 S5Q.?7 -1,.02 -23.8 =1.02 -29.3 L294 2H. 2 
9.545 1216 645.9 -.85 -32.3 -.85 -22,9 wee sey G 
9.550 .265 40.2 ~.71 -36.1! See = Set Foe oes o 
“.555 Res ssa -.59 -23.4 -.5% -25.4 eae O54 
2.560 miso 23.06 ~.60 ~42.3 So =42 Lond 41,2 
9.565 niae 7.9 a ee S45) =4e01 .168 101.9 
9.570 nope =2325 -.4G ~-4%,.5 -,49 -499,5 side “112.2 
9.575 .871 -75.2 -.4@ ~-52.3 -.40 -52.9 2145 137.9 
“.58@ .107 -108.6 -.42 -56.3 ~.4z2 -Sé.2 Pies Sadar 
9.585 -155 -124.8 ac 1-326 -.4% -S3.6 Mes ie5.2 
2,590 .206 -134.6 -.5& -6€2.2 -.%8 62,2 Poateslg eo. G 
9.595 Peer = (ai. 6 -.66 -66.0 -.66 -86.8 252° ATS.4 
9.600 ~306 -147.1 -,79 -€%.1 -.7% <-89.1 325 176.9 
9,280 Pscd 150.7 -2.423 -121.1 =3.42 -121.1 eae ae 0 
12.00 Raaies Las fp atiees =iseae  <frad, —12255 276 136.1 
19.20 .982 132.9 -14.72 -127.6 ={s,7n) -137.6 .282 130.2 
19.48 6986 128.8 -16.05 -141.5 -16.05 -141.5 j27 Leas 
19.62 Na69 0125.4) 9-16.58" -144.9 =<154,65 -144.2 2739 «174.0 
19.30 6990 122.3 -!7.32 -148.1 =17.322 -148.1 2991) «121.8 
11.09 -990 119.3 <17.55 -151.2 <17.85 =151.2 .29f 118.1 
11.20 .990 114.3 -17.92 -194.4 “17.58 -154,4 6296 «6115.2 
11.48 ©989 8113.3 <-17.46 -157.5 -17.48 ~157.5 S9S0. 8 V4 222 
11.68 .98@9 110.1 ={7.2 -160.7 -17.20 -160.? 2989 «109901 
11.89 298% 146.8 -16.31 -163.%9 -16.81 -163.% 6725 «165.38 
12.00 .989 103.3 -16.22 -167.2 <-16.2% -1€7.2 .9RE 102. 
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TABLE 19 


Analysis of Filter #5(a) (2 


WRITE 
CTHITIALIZING RRRAYSS 


KEY-IH ar LORD circuit? ¢¢k> or Ld 


°% 
K 
Keyrin ckt description: then enter frequencies: 
5 
e TWO 3 


THO 1 TWO 
= 


5 


~ 


STEF §& 12 .2 STEP 9245) 3,55 7.60 
Sorting frequencies 

EDIT, RUN, STORE, STOP? “E, <f 
= 


‘ 


f 


STOPE or STUP> 


E 

<Edirtor> CONT exits ta <Analysits> 

Lis. 2 

Select print list device © CCRT or FRIHTER: 

> 

P 

GH2 QOH NH FF CM 2R= S56 

SDB 
12 TNO 1 CAs 
26 TNO 2° chs 
30 TWO 3 ths 

Frequencies: © 3.2 8.4% 8.6 £.82 9 9.6 7.4 %.4 
9.475 9.48 $2355 9.49 9739395 99.2 99.392 33.2 
9.535. 9.54 “2.2595 9.55 Sy eee ee eee Ley cee 
11.6 1.6 A2 

<Editor> CONT exits ta <Finalysis: 

“ 

Pp 

Enter data CF, 11, %2,21,22 2 tor Twn | 

<-v CONT> terminates input 

“” 

8 .979, 146.4961 .e796.561 s2.56. 46) 2 3r 70 14e. ae) 

» 

9 .960,135.870 .279,93.0°0 .275.42.070 {76M 1 see 

= 

10 «935.9239. 461) 2355, 23. S61) os oes el So oe ee 

ys 

lf .897,113.625 2.440.233.6229 +430 ,22. a eo. eles 

12 .849, 161.742 2324,11.742 .529, 11.742. 369. 101. 42 

? 

4 

Cov sGgt, \ or ao 

° 

5 

RI,<MP>,OR DB 

ys 

MF 

Do you want to store thiz data in a device file oe 

H 

(interpol ating>d 

Enté@r> dava <P, higiz.,el,ede> for TWO Zz 

<7 CONT> terminates tmput 

“ 

8 .8,0.8 1.0,.-98. 50 1.8, =-390.58 .8,0.8 

“ 

9 .0@,0.0 1.0,-117.40 1.0,-117.90 .8,0.86 

> 

10 20,080 1.8,-141.23 150, -14 0,22 -4,8.0 

sp} 

11 -G,8.8 1.@,-164,30 1.8,-164.348 @,9.8 

*» 

12 .8,0.0 1.0,-1635.356 1.0.-135.50 .¢,¢.2 

sy 
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1.43 cm) 


& Ses a. 36 2.3e05 2.47 
8.09150 (Soe ee aoe oS 

16.6 Thee St iiesc 1fas 
rene 


TABLE 20 


REPRODUCED AT GOVERNMENT &— XPENSE 


POs roe Omepiitcer = 75 (a) (Cont. ) 


S56, Hi var 2 
? 


S 

RI,<MP>,OR DB 

? 

MP 

Do you want to store thr: data in a device 
N 

CInterpolating> 

Banter caster oll, le2,cl,ac? for Ta 3 

<“ CONT> terminates imput 


= ans: ; ti 1 


> 

8 .994,146.742 .176,56.742 .176.96.742 .984,146.742 
Seeceo iso aell «OM, <4cuel). «ot 7edoecll 4969, 135.211 
? 

$0 .945,125.031 .322,34.931 .322, 34.031 1.940.124.0631 
2 . 

Pie oiaeiie, 414 .405,23.414 .405, 239.4914 (314,193. 414 
? 

12 .668,100.362 .496,10.969 .496,10. 3969 866,1088.969 
? 

4 

<$>,G,H,Y,OR 2 

e 

S 


R1,<MP>,OF DB 
“ 


MP 


Do you want to store thts data in a device file 
N 


CInterpolating> 
CAnalyeis> 


Select printvlist device (4CRTO or FRINTEPD 


? 
P 


To 


OO DOD DODD bv ODO 0'D HD 'O D6 O10 oO MD 


REPRODUCED AT GOVERNMENT EAE 


TABLE: 2k 


Analysis of Filter +5(a) “Gent. 


S-MATRI.. IM MAGHITUDE AHD FHASE 


re ie <1 ee 

MAG ANG DE ANG DE AG MAG AG 

(993) ASS Sao no oe SS eel a tee 
. 298 tec. 9 =3e.95 Daas =Se ou weed .333 14204 
248 13s. -23.44 49.28 -22.44 47.3 cae 106 
-oon, | Tebca Seo. Gr 42.6 =27.67 46.6 sate. AGG 
a72e7 a2 =2eale 43.1 mee we aoe case bes) 
oS. lean =—(5. 68 S8.¢ =e ee Sere i ura) wiles sie 
974 $19.0 Sead <?7.9 SaaS e724 stat Vihees! 
ores 88.5 -4.46 1.3 -4.46 io wii aia t 
499 és. =o t=205 — (ee oe. = 2 S95 34.7 
2445 tana a eo ees a Sie an SSeS 383 €3.5 
ooo eee “lec “ebse a cee ere 419 seus 
- 348 vo. 9 =1.03 -=-36.6 = lO See ore Beet 
“ie 43.7 “185 (asa 3 = Sores ~ 324 23.4 
240 so oo “sume. bo eare “fn Sea vars S5.7 
- 184 31.4 -.64 -48.2 =—61 =40,3 sc2e 90.4 
-1¢9 13.1 =.20  —to.8 = ~ 139 79.0 
-079 so. toc SG =.45 “=s7.4 = 168 5112.3 
~0€60 -S9.9 =. = D4 ae = aloe ze. 4 
«891 -1@4.1 -.48 -S4.5 ioe a eas apd he 2052 
ele ~123.65 =. 75) §20. % See oe a le Sad 
eho Seth See Se Sele ol =.8f: “EL. S gee. He ae 
cen eisai s Sea chS. > [se =E4.2 22e9 1745.6 
303 -147 23 =,56° =62. 1 See ee « 3E0 “156.5 
~392 “lo2.! =“1.01, =; 1.2 SO ae lie 2 sate hie. | 
,oe oie. o =i ee 6 eos ee ee occ 318 175.9 
0493 -168.1 Saeed “oso att. | pane LiGbee 
pues ~769..5 =“le06 “=77.3 =1.58" =77.5 vias fF 5.2 
svel “166.74 -1.80 -&2¢.4 =1.380 ©==2.4 ct Se dea | 
(3760-162. 5 = 219 sce sce Sens 4s SS oes Pren.9 
aree Oe aa tol Ge = os rey ni 71 1668.8 
£959 144.4 “10 .8se—er. 2 SN eee es ee eee 
99 A36.2 = oe 2 eect =13. 76 =l3a,2 tot betes 
986 131.4 =LSea 2) 1 see site0 sae E2.503 -79.4 
soe teas -16.89 -l4205 916.37 site. a 183. 163582. 
999 124.6 “17.52 “135.7 w“1tese =19S.7 1050140 5-7 
sot 121.6 “lier “tate eo -“lr.e8 =U4c.o Soets6 9-0 eae 
<99T 113.56 =17..39 1954.9 “Veo Shot. sate lite 
0991 115.7 1694 =134.9 <1, 039-=159.2 102.809" 191.1 
Oe lee. “17.74 =133, =“1..¢4 =153.0 243.778 ‘101.9 
3969 1813.5 =lroe = Lele “17.41 -161.2 417.204 161.0 
989 106.2 “16,96 =l¢4.4 “15.976 -164.4 ¢2%3. 22 141.8 
oe eee < “1G. 3 (= line «oc “16.37 =lev.t S&25 lee" 191.6 
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REPRODUCED AT GOVERNMENT EXPENSE 


TAB Is ae 2 


PMclysis Of Lieeecr 


WRITE 
CINITIALIZING AFPFAYS* 
KEY=1H or LOA circuit (cr > or > 
is 
bh 
Keyrin ckt description: then emter frequencies 
<> 
Oe 12se7 sa USE —! 


TWO 1 HOLT 1 USE 1 WC 5. 


SUbeee le ,-Osmeorer 9 9.4 284 


Sorting frequencies 
ENIT 2 PUN, STORE, STOP? “CE, <P>, STOFE or STOP> 
s 


E 

<Editor> CONT evits to “<Analverse> 

LIs @ 

S@lect print 7iiet device *.CRT. or FRINTEF>? 

” 

p 

GHO QH NH FF CM ZR= 5@ 

SDB 
1a Twa eho 
2@ HOLT 1 CAS 
36 USE 1 CAS 
40 WG CAS 5.88 1.6¢735 
5@ USE -1i CAS 

Pmeauene Vests. ome. | sale See Sees Gao HS. ts Bod 8.455 Sos 2.55 
6.65 2.7 8.75 §.& 85.85 8.2 8.95 9 3.01 7.02 9.63 3.64 9.05 9.06 
9.087 3.08 4,83 9,1 Sa Sa. 2 (oals “28145 2.15 are | ll ae else) a. 1S 
S.2  A52 Begs 5 Jeekme eee feee “220 S.2s Sees AS See" 8,32 
Sas nmegese esas) 8.506 Fsece 8.98 4.39 92.4 9.45 9.5 3.55 9.6 9.6€5 2 
Seo awe! 6S S| | USS 1a Le. oo if. Veto 16.4 laces 1s iGo 
lO eeelone eles 1625S 10.6 18.625 10.5 916.75 10.8 18.868 18.2 16,35 
Piece se sete to iS) Tiee) 1lli.25 791.3 81. 35 Piet ie 4 Coca, £1. SS 
1126 Lt.65 i) Gg He Soares P1o6 1185 iS ees le 

<Editor> CONT exits to <Hnalvuseis> 

? 

R 

Enteruauata Fell ,feé.2l,¢2>% for THO 1 

€* CONT> terminates input 

. 

8 .396,162.082 .8839,72.883 .G89,7f2.082 .996,162.a83 

> 

Dre Sy Ment eo is. Gree al lee ea. 422s, 1ors > 

o 

LOmmegerod.322).147.63.323 .147,63.333 .999,153. 332 

5 

Pipeesee 4ree emt JTRS, Sees 2183.57 .291 1.983, 147.231 

= | 

l2eeos 40.79) 4265,59.°791 .265.580. 72! «963.190.7371 

> 

7 

<S>,G,H, ¥, OR Z 

s 

S 

RI,<MP>,QP DB 

? 

MP 

Do you want to store this data tm a device file 7 ¢%7,, ND 

N 


Cinterpolating> 
(Analysis> 

Select printvlist 
» 


P 


device “<CFT~ or PRINTER) 


Th 


™N 


2POPODODOWDD'9D 00 D0 ODD GOUDVDOMANANMNNADWA HH DODD D 


REPRODUCED AT GOVERNMENT 


TABME, Ze 


Analysis of Filter #6 (Cont.) 


S-MATRIC 1h MAGHITUDE ANT PHRASE 2 
lel le eA 2c 


MAG AHG DR AHG DR AHG NAG RHI 
936 #159.3 =Sa.ne oleeae -33.27 126.5 .926 #159,3 
.99S- lSna =33.06 1133.7 -23.06 113.7 2795 Ste «2 
69943 «#155.4 “32.64 113.8 “32.64 12.0 734 «1508.4 
~9e3 15358 ]W“s2.1<c 108.5 Scola) teas ee ES ole 
nase ese oS “31.50 16.3 “21.50 168.3 .<492 15335 
992 Sve! -?0,78 34.3 -30.78 43.3 . 222 Sew t 
ote. 1 atten -23.97 $3.7 -22.37 2.7 wate LSU 
-992 149.2 “239.87 Bsars -239.9F7 S26 ~792 1439.2 
972 147.8 -28.89 Cea3 -22.@9 73.3 ~792 47.8 
973 146.3 -27.03 73.6 -27.83 r3.& 933 148.3 
9932 144.7 -25.82 62.1 “eves ma, 1 toc. | take 
1.9000 158.6 35.5 62.6 ~35.9e Bo. e Poon Sl ee 
1.006 158.23 -25.@4 6.3 -35.a4 BS. 5 1.008 22.2 
1.000 155.9 -34.12 é;.9 “24.12 67.3 .869 153.0 
1.000 137.6 -2?3.12 Br. =. 5205 67.6 O86 157.8 
1.980 15772 -32.a8 Sie “32.08 Bred waa 157.2 
1.@80 155.8 - 38.93 65.8 -30, 23 be. 1.490 155.3 
999 55.3 -29.6€2 66.23 eee ec £6.35 eee ee 
3992 155.8 -28.29 65.? eaves boat coe ASoec 
<93 “155.4 ~2&.72 Soet “25.5 ou. 1 So iS ao 
993 #3S4.2 ~2Z4. 98 64.3 24.90 64.%  o36 1543 
~99S 154.1 -24.52 64.1 ~24.52 £4.1 SFR ela 
-998 153.9 “24.12 B>.93 -24.12 63.32 S928 las. 
~1398) bose -23.F) é3.8 “23.71 B2.S 2.998 153,7 
S88 “Posie “22.2% 62.6 “e50as G3. Fae eee. o 
992 153.2 “22.823 67.3 “eee Os m3. 2 295 “152.2 
9927 152.9 “22,35 £254 =a ce 63.1 a Slee 
6997 «152.7 -21.86 Eéz.e oles 62.2 <9 ae lee a 
~ 257 Seu -21.x4 62.6 -21.34 Ee. . 237 Se. 5 
2996 So. “cA. 7? EZ.c -e, a 4 Eecwc i oe « 
-976 151.6 “29.21 61.9 =20,<1 6é1.9 “96 “Tele 
+935 Pete et -17.60 51.5 ~-13.608 ein , 222 loi, 1 
«ott elon. 6 ~18,%4 €1.@ ~15.94 é1.@ 795 #«1590.6 
934° «#158.6 ={eoe 6A. Ss =le2e4 BA, S , Se 0 
~992 149.4 “17.458 $9.9 -17.35 Se ~RAS 143.4 
991 145.6 “16.66 231 -15.68 ea ak cme 142.6 
S22 Sle i.e ={S 77 woe e =) oa. See: «ee ae 
-986 146.4 “14.73 cuie ed =16 2008 Saw t 386 146.4 
. 981 144.3 “13.67 Sou “13.67 Soe . 931 144.9 
oor on 2) ora -12. 43 S22 “12.43 S$3.% ore 242,0 
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REPRODUCED AT GOVERNMENT EXPENSE 


TABLE 24 


Miia) Sis emer i biter Pom (Cont. ) 


9.200 6965 148.5 -11.a0 eit he: -11.00 See 6965 «140.5 
9.218 .948 «136.8 -9.34 43.1 -~3.34 42.1 2248 136.8 
Grae 2916 131.4 ress 42.9 ~7. 35 os afin of sl ad 
9,220 1847) 122.3 -4, 95 24.5 -4,95 24.5 ede lees 
9.240 677 105.4 -2.14 ae Be ja.2 ~erae 1OSe4 
9.250 oan 67.9 cao -3,2 oD -3,2 aot 57.9 
9.2608 23°78 -127.5 -,1& -45.4 ~,18 -45.4 Coan eel chan at 
9,270 ~726 -157.@ -2.78 -63.9 -Z2,.7& -€23,9 ree =r oo 
a,280 2862 <101;2 -§.42 -$2.9 -§.43 -82.9 ~Ses =irlee 
9.290 .919 -179.8 =7,64 -20.2 =7.e4 =20,2 .219 -179,0 
a,300 294; 176. 1 -9,46 -34,¢ -A,de& -94.9 a Saeed 
9,318 poo smelr 2.8 -1Q.9R -97.9 -10,92 -37.2 163 etre. s 
9.320 nor cael Oa “12.23 -100.1 Slo vcoe- 1004 Bee cease 
9,330 2979 «168.7 -12.4@ -181.8 ~12.4% -101.2 al Ses. 7 
9. 340 SoCs l6r. 3 -14.40 -103.1 -14.,43 -103.1 oe wie 8 
2,350 987 166.1 “15.2% -184,2 =[5.22 =104.2 aoe) {eet 
9.360 7989 Ves. 2 -16,99 -195.0 -16.07 -105.0 ee fe See 
eazeO 2931 «1864.4 -16.82 -105.5 -18,22 -105.8 223) Jed, 4 
9.380 2992 ~«1635.4 -17,428 -105.4 ~17.43 -108.4 Aas Via s,8 
2, 350 pease 163.2 -15.1@ -105,2 “12.10 -106.2 ees 3S 
4.400 2294 «162.7 “18.67 -1087.4 ={2, 6, =10T ad sas feo. 7 
a,45A i es 2S -21.Q! -182,1 -21.01 -107.1 ,847 16,2 
9,500 .93928@ 159.8 =o ne <= 11 ce Bo aa) VOGee .398 165.56 
9.5590 2298 158.9 -24.18 -111.2 =24,12 -111.90 .322 158,92 
9,600 .9a2 = 158.3 -25.33 -111.6 =25. 33 -111.6 aga 153.3 
9.658 33a cise. Soe. 20 = lear =fe 2.30 -11252 992 187.7 
a,70a 6942 °0«157.2 —relo =fioor =e an Le an 22a Se 
a,75a ,aga 156.8 =e cgcn =e ae ites ol , oa Se. 6 
9,209 299 55.4 -29.48 -112.5 “25.4% -113.5 ,2as 188,4 
9.850 ,999 «6155.9 -27,08 -113.9 =29 00 <1) 3,2 .242 "PTE8,0 
9.900 So90° 155.5 ~29,52 -114.3 =2rggoo—114.3 228% «155.7 
a,95@ .999 155.3 -232.36 -114.7 =e ae = 1 Par .949 «2155.3 
10,89 .999 «#4155.0 -20.35 -115.@ =sti, 25 -f15.0 ,29% 155.8 
19.05 1,090 154.6 =a seus ee =steo = 11542 1.990 84.8 
14.18 foe0mel 57.2 -21.24 -115.5 =the =e. 5 1. OGhe ta. 2 
19.15 1.008 153.2 -21,.80 -115.7 =aieegee ll 1S. 7 1.606 155.2 
19,20 1,.09@ 153.4 -721,92 -116.@ =21.92 =115.0 1,.008G@ 153.4 
19.25 fon fas. ! -22.22 -116.3 =27,22 -116,2 1,8" VSsas1 
10.30 1.0900 152.7 -32.47 -116.6 =—2i.47 =116.€ 1.000% 152.7 
1€.35 1.080 152.4 “32.68 -116.3 -32,49 -116.% {coe “W854 
19.48 1, @08 Saal “32.38 -117.2 =o ee edie POG can 
10.45 iecme 154.7 -22.A1 -117.6 =32 591 =117. 6 1.088 151.7 
oe 1.009 151.4 =t9.14 =11¢.2 =o 2-1, . o 1.a0n 151.4 
10.55 1.€9@ 151.1 =33.22 -115.3 =3e5e 8-) 1c. 3 1.000 aoleent 
10.62 1,400 158.7 -33.20 -119.7 =S3oag0 -112.7 ). vod tS. . 
fines 1,.a9@ 150.4 -33.35 -113.8 ~ooogo = 11ac0 1. Gem 150.4 
19.70 1.qaa 158.1 -33.37 -119.4 =935%7=112.4 Poon el 
10.75 1.908 1439.7 -23.38 -119.$ -33.32 -113.8 1.068 149.7 
10.68 1,000 149.4 -33.36 -120.2 -227.36 -120.2 1.00 Y43.4 
10.85 1.Q@9@ 149.1 -33.32 -120.7 Sone ten. 1,000 45,1 
19.92 laces 145.2 = 3 gee La oS3.26 =—Veol.1 1.000 {43.2 
10.35 1.000 148.4 =23.19 =121.5 = a0 9s =Je1:5 1.000 ae.4 
11.@0 1,.Q0@ 143.1 -32.02 -121.% -33.07% -121.% 1.0090 148.1 
11.95 1.008 147.2 -32.392 -122.3 Sanaa 1.890 147.8 
40 Saad i47. 4 =$2.86 =!22.7¢ =32 0850-1 ee sr .993 «147.4 
ies £999) «147.1 “32.72 -123.1 =Sae 2 alo oa) 2299) «14701 
11.20 .949 «146.8 =32.57 -122-5 -32.957 -122.5 199% 8146.8 
fees 23999 «146.5 -32.4@ -123.9 -32.40 -123.9 £999 «146.5 
11.38 .999 #146.1 =32 22 —124.3 -32.22 -124.? £999) «146.1 
iis .992 145.8 -32.03 -124.7 ~ae, 02 —Le4.7 , 29% 945.6 
11.48 .9399 145.4 =31.83 =125.1 -321.8: -125.1 .29% 145.4 
11.45 .399 = #«145.1 -31.61 -125.4 =s!.<l ={25.4 .943 «145,13 
1).50 .33939 «144.8 -31.29 -125.8 -41.2% -125.8 2340 «144.8 
1.55 .999° «#144,4 -31.15 -126.1 =31.1S =126.! ,2as f4gi4 
11.628 .999 «#«144,1 -30.98 -126.5 -30,93 -126.5 .239° 0 «fd41 
11.65 .999 «143.7 -30.65 -126.8 ~30.65% -126.& waa No oy 
11.70 .999 143.4 -30,38& -127.1 -20, 38 -127.1 .799 «143.4 
fie 5 £329) «143.8 -30.11 -127.4 -3Q.11 -127.4 .339° «143.8 
11.80 .999 «142.7 -29,82 -127.7 =Zoies =eeer .999 #142,7 
ties 1999 = «142.3 -29.54 -128.0 -22,.54 -128.@ 798 «82142.3 
11.90 .939 141.9 -22.24 -128.3 -29.24 -128.3 6999: «141,49 
11.95 .939 141.6 ~28.94 -128.6 -23.%4 -128.6 429° «1d 06 
12.00 .999 141.2 -28.63 -128.8 -28.63 -1298.8 eae" 1441.2 


12 


TABLE 25 


REPRODUCED AT GOVERNMENTGE ey 


Analysis of Filter #7 


WRITE 
CINITIALICING APRAYS> 


KEY-1N oc LOAD Circuit?) (<hoeor LD 


? 

Kk 

heyrin ckt descriptian: then enter frequencies 
2 

THQ 1 HOLD 1 USE 1 NG 5.@8 1.7109 USE -1 

*» 

STEP 8 12 .05 STEP 8.8 10.2 .O61 

Limit of 128 freqe -- first 128 accepted 


Sorting frequencies 
EDIT, RUN, STORE, STOP? *E, <R>, STORE or STOP> 
» 


e 

<Editor> CONT ewits ta <Analysis> 

? 

LS 8 

Select printzlist device “<CRT> or PRINTEP) 

5 

Pp 

GH2 OH NH PF CM ZR= 50 

SDB 
16 TWO 1 CAS 
20 HOLD 1 CAS 
389 USE i EAS 
460 WG CAS 2 OS ) ler ies 
2@ USE =! CAS 

Feequencies: © 8.05 98.1 8.13 Sie 8.65 2.35 (65355254 ee 2 eo 
€.65 8., 8.f5 $8.8 6&.81 8.82 &.83 8.84 8.85 8.2 3867 3.88 2.89 ¢.3 
6.91 $8.92 8.393 8.4 8.98 8.96 $8.97 2.929 3.99 92 9%,@1 2,902 3.03 3.04 
9,05 9.06 9.9 3.08 2.09 931 9.11 “25920 4e13s 9. 1a 6 ale 
9.18 9.19 9.2 9.21 %.22 9.232 9.24 93.25 3.25 202 eee 2 oe eo 
9,55 3.6 9.65 oe §6 6©95¢58 6968 SASS 0 Sa UPS OI CO eae im.15 610.2 
r@.25 18.3 10.33 109.4 16.45 "1055 102353 G6 160.65 Sie. «6S 
19.85 18.9 6.95 21 11,05 (1251 11.195 S112) iiss aioe) | 1d. 
11.45 11.5 44.55 21.6 “1.65 [UNC tie a eee ee el 

<Editor> CONT exits to <Analysis> 

? 

R 

Enter data «FP, it, te,el,2e> for THO } 

<7 CONT> terminates input 

? 

8 .973,160.833 .222,°0.833 .222,79.833 .975, 160.333 

? 

9 .964,156.666 .265,66.666 .265.65.666 .964,156.666 

tl 

10 .943, 152.916 Sse 762.916 Gacz ee. 7-16 2 ae aloe te 

? 

11 .321,147.50 .389,57.50 .389,57.909 2 fet ia oe 

2 

12 .893,142.50 .450,52.559 .43052.549 .2-7ee7 ite. 

? 

/ 

<S7, Ge; Y, OR ce 

? 

> 

RI,<MP>,OR DB 

? 

MP 

Do you want to store this data 1m a device file ~*~ €<¥,, ND 

N 

<interpolating> 

<Analysis> 

Select printzlist device ©:CRT> or FRINTERD 

° 

P 
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REPRODUCED AT GOVERNMENT EXPENSE 


aoe 2 6 


PHalvysiseot Faltter~e, (Cont. ) 


S-MATFIS It MAGHITUDE AHI FHASE 


11 12 zt rua 
MAG RHI 0B ANG DP ANI NAG ANG 
993 6158.7 ~26.39@ Goer -c2e. 28 és.o 22a sS.7 
999 186.3 -2¢.41 62.3 ~Ze.4] €S.3 279 #153.2 
999 157.9 -25.90 £3.86 -25.98 6S.8 ees SS ao 
poo? Cla. > =o, 30 67.6 -25.37 67.6 ae ee Aa 
932 157.6 -24.S81 Ba ate -24.%1 Bree .298 moar 
a938 156.6 “24.22 Geer -24.22 66.7 938 156.6 
.998 186.1 ie ee E€5.2 Ties oS bE.2 <49S 158.1 
ee 155.6 "22.9323 65.7 -22.93 65.7 -998 155.6 
oP? 6185.0 -2c.24 65.1 | éS5.1 2=e7e 155.0 
ager 6154.4 -21.49 64.5 “21.49 64.5 ae a 4 
296 «153.7 “29,08 £3.2 “28.70 Bs.& ei beets 
25 So. -13.34 &2.a -13.288 e323. 2 VHS pare) 
read 152.0 ~-13.35 a -13.37¢ cee l eos 12.0 
-972 151.8 -17.26 €1.1 -17. Se e1l.1 woes (151.8 
930 «149.9 -16.89 oo. 9 -15.&™ Sa,3 238 137.9 
a2" 146.4 = aan 2 ce, 5 “loa 1 Ss) ,28n 149.4 
932 146.6 ~14.48 Sé.r ~14.46 Se.7 6332 0 «14E26€ 
~980 146.2 -14.12 SiGe “14.12 Seuc peti Cae e.g) 
979 145.8 -13.8% Som S -13.83 55.8 -o72 148.8 
sorr 145.3 -12.54 TIS | -13.84 So. 3 977 «6148.23 
976 144.9 -13.24 $4.9 -13.24 £4.93 2376) «144.3 
974 144.4 “12.93 S422 “12.92 S43 ~474 144.4 
~9f2 143.8 =f. .6 1 53.3 eae lL ae (sie elts.e 
morn Adswe “12.2% ie ore. “12.22 See 2.278 143.2 
~967 142.6 -11.94 $2.6 -11./34 $2.4 967 142.6 
-364 142.90 -11.59 o1.2 =e ot Sie2 9654 142.8 
2961 141.2 -li.2 Stace “11.24 Sle «761 141.3 
.952 140.5 -10.87 54.4 -1%.27 0.4 -758 149.5 
9854 139.7 -10,4% 42.6 -1@.423 43.6 seed | 129.7 
-245 138.8 -10.16 48.7 ~10.1@ ore a: ~449 $22.6 
Sessa je .3 -3.63 4,.8 -%,6% 47.8 -844  #1237,9 
-3933 1356.8 “9.27 40.7 =e 46.7 -732 126.8 
oS eel 3S. 0 -&.33 $5.6 ~8.8%3 45.6 2731 he oie 
$923 134.5 -$.33 44.3 -3.3% 44.3 ~222 134.5 
Tol Goel 2S. 1 “7.9% 3.8 ~,.22 3.8 e714 aoe 
sas 131.6 -T.44 41.5 -7T.44 21.5 784 1271.6 
-291 1308.8 -6.234 32.8 ~5. 34 23.3 2291 120.@ 
aera Leswe -~€.42 33.0 -5.42 32.0 Sug es. 
-260@ 126.2 -5.9a 36.0 -%, 20 28.8 -GEQ 225.2 
-840 123.3 = 5.120 32.8 =S,. 35 33.8 -8460 123.9 
Si Sele 1.4 -4,79 Siz -4,79 ei.2 2315 eel. 
-r8é&é 118.6 -4.22 28.4 “4.22 23.4 o' 8&6 119.6 
eet 115.4 -3.64 one -3.64 Zoe i lel do. =e 
pres 111.8 -3.06 elas -3.45 eles id aero As 
peor 1Ae es “2.49 ir.6 ~2.,43 i.e com 107.8 
$26 143.2 -1.233 13.9 -1.33 13.6 sors {62.2 
See ae | ~1.4@ r.8 -1.4A Tes s fee 7.1 
2435 92.4 -.393 foe -.93 eae 2435 92.4 
0336 86.3 -.54 -4.1 -.54 “4.1 - 3236 S6.3 
s2ec 73.8 -.2¢ -10.7 -.24 -1@.7 eae 73.8 
eta 7364 -.@7 -17.7 =O, <li. -18S 73.4 
Obie =Lel.9 -,A2 -24.8 -.A@c -24.8 Ole <=f21.0 
-13& -122.5 -.10 -31.8 ~.1@ -31.% 138 -122.5 
-eo1 -123.8 -.30 -393.4 -.3@ -38.4 -2S1 -128.8 
tomo 134s -.60 -44.7 -.€0 ~-44.7 ote lao 
2-445 -140.6 -.397 -50.4 -.97 -S58,4 445 -140.€ 
eves -145.7 =1,41 -55.6 ={:.41 “=33..46 ~-§234 -145.7 
2090 -150.3 leit foe oO ae ~!1.87 -680.2 2o78 =<-150, 3 
-64§ -154.4 “2.25 “64.2 “2.35 -64.2 £45 -154.4 
-692 -158.20 -2.84 -€7.9 ~-2.84 -67.¢ -892 -158.4 
ef ol -16!.2 3.30 ~<7lel -3.323 -71.1 eral =-1é1,.2 
-763 -164.2 ->.81 -73.3 = 3.01 =i ond 763 -164.0 
79M -166.5 “4.2r -76.4 “4.27 -76.4 079A -166E.5 
-864 -174.2 -§.99 -84.2 ae eae C64 -174.2 
male tr oS -7.78 +-90.4 -7.78 90.4 pe hes lr wes 
-938 178.4 -9.2¢ -94.5 -9,24 -%94.5 woos) wht a4 
pose dread “19.46 <-37.5 ~18.46 -97,.5 pat ive o4 
964 178.2 “11.42 -3%.7 ~-!1.49 -39.7 364 178.2 
-279 168.5 -12.37 -101.5 “12.37 -161.5 wie) (6s es 


Balk 


REPRODUCED AT GOVERNMENT EX! 


TAS ie we 


Analysis of Filter 47) (eon. 


12.80 983 160.4 See te Sia ~ ae Je ee =: tet 160674 
10.@5 see. a “Timed “=118c¢6 “liees =T4B. 2 aoe 1S. 8 
18.10 eo be ace =lreet —1 ass =e lee tL a 
18.15 e291 1233.6 “reed! =i =trwok, igen. 4 foe 135.6 
19.20 ~o22- ploses =18,0% <111.9 =15.9N5 -=111.53 fate 1593.2 
18.25 oe lots ig air a ees ere “13.27 =112.% ee) loi wo 
10.30 oe eee =o. 128 ={s.,47 =11 3.48 eorees bone 
18.35 a eet as =o en lel aa =ls. Gh Silae s ee les 
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FIN LINE--MMWS AND ELECTRONIC WARFARE 


A. BACKGROUND 

The recent increase of sophistication in weapon systems 
and the experience from previous combat systems showed the 
Meecd £OL Cffective equipments that would increase the capa- 
bility to detect the location of the enemy. 

This capability requires very effective countermeasure 
systems to minimize the hostile threats and to maximize the 
effectiveness of one's own weapons. 

In radar applications, the need for compact, low-cost 
sensors for missiles and smart munitions pushed developers 
to the mmW region. Table 28 shows a comparison of mmW opera- 
tions with microwave (umW) and electro-optics techniques 
fRef. 20]. 

The integrated circuits (ICs) of mmWs appear very attrac- 
tive because of reduction of their size and weight, lower 
transmission losses and higher overall bandwidths. 

The combination of small size, high accuracy and high 
reliability in adverse environment conditions offsets the 
current cost disadvantage. In addition, new fin-line manu- 
facturing technigues minimize the cost of mmW hardware. 

Figure C.1 shows the electromagnetic spectrum with radar 
band designations. The main advantages and limitations for 


mmWS radar are tabulated into Table 29 [Ref. 13]. 
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TABLE Ze 


Comparison mmWs-Microwaves-Electro/Optical Techniques 


PRECUBNG 
mm-Wave ELECTRGa 
CHARACTERISIT2¢ MICROWAVE mm-WAVE OPT ine 
- Range in fog Excellent Good Poor 
= Compenencs Large, rugged Small, rugged “Smaller 
= Apereure Large antenna Small antenna Very small 
apertume 
- Mode Active only Active or Mostly 
(radar) passive passive 
- Imaging imprace real Possible Excellent 
- Atmosphere Atmosphere Good spectral Fog and 
transparent responses clique. 
opaque 
Wavelength Tes 100m Oe 1m ee cm em 1mm 100 oe 





Ultrasonics ————$——— 


Se eee 


Frequency 3UKH2 300KH2 3M a? ees JOOMH2 nen 30GHz ane eae aaeer 30TH2z Serra 


po Millimeter eee 
Wavelengin Im ‘ — 10¢m lem mm 


mT Pe Pe 


Ss Frequency (Graz) 8O 12 18 27 40 300 GHz 


Figure ‘GC. Electromagnetic Spectrum 
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TAB GE 9 


mmW Radar System Tradeoff Considerations 


ADVANTAGES 


Physically Small Equipment 
Low Atmospheric Loss* 


High Resolution 


Angular 
Dejjoliets 
Imaging Quality 
Classification 


Small Beamwidths 


High Accuracy 

Reduced ECM Vulnerability 
Low Multipath/Clatter 
High Antenna Gain 


Large Bandwidth 


High Range Resolution 
Spread Spectrum ECCM 
Doppler Processing 
new 


LIMITATIONS 


Notes: 


Component Cost High 
Component Reliability/Availability Low 
Short Range 10-20 km 


Weather Propagation* 


compared to IR and visual wavelengths 


2 ; 
Compared to microwave frequencies 
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The emergence of radars with high performance seekers 
requires an equal modernization of ECM systems. Due to the 
high cost of modern aircraft and ships, ECM is no longer 
just an added feature, but rather an operational necessity. 

Table 30 shows some useful characteristics of air 


defense systems, which operate in the mmW region [Ref. 14]. 


TABLE 30 


Characteristics of mmW for Air Defense Systems 


The mmW spectrum is now crowded 


High antenna directivity with small aperture 
can be achieved 


The RF components are small and light 


There are a number of low attenuation 
"atmospheric windows" 


mmW can penetrate high density plasmas 


The high directivity and low attenuation due to atmos- 
pheric windows of the mmWs can be used for highly secure 
Operations. The penetration of the mmWs into high density 
plasmas provides the capability propagation into a nuclear 


explosion [Ref. 14]. 


B. APPLICATIONS 
This section discussed mmW-planar IC components and 
system applications. In the first part, the performance of 


various components are briefly described and in the second, 
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examples of the state-of-the-art applications in radars, 
communications and missiles are shown. 
ee eemeatecamel routs Components 

TRW Electronic Systems Group has developed many ICs 
components including mixers, Gun-VSOs, frequency multipliers, 
Switches, attenuators, filters and couplers. These elements 
are available for applications in advanced sensors, radar, 
electronic warfare, radiometer, surveillance and communications 
2\/ SS 

The characteristics of the performance of the com- 
ponents are shown in Table 31 [Ref. 15]. 

The suspended stripline and fin-line techniques have 
higher Q (quality factor) and thus lower circuit loss compared 
en microstrip. 

The fin-line balanced mixer [Ref. 15] is very useful 
for extremely wideband operation. A bandwidth of over 30% 
has been achieved with less than 7.5 dB conversion loss at 
Peoand (75—-110..GHZ) . 

Various types of receivers have been developed at 
Ka (26.5-40 GHz), V (50-75 GHz) and W (75-110 GHz) bands by 
using the components mentioned above. The Ka-band receiver 
was scaled up to V-band for purposes of satellite communica- 
tions. Figure C.2 shows two RF modules for V-band and W-band, 
respectively [Ref. 15]. 

So far experience has shown that fin-line technology 
1S a proper tool to build mmW components and subsystems above 


90 GHz. In Figure C.3, a mount of a balanced radiometer 
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RAB LE 3 


Summary of Integrated Circuit Components of Receivers 


FREQUENCY COMPONENT PERFORMANCE 


CIRCULATOR © 06 dB INSERTION LOSS 
® 2 GHz BANOWIOTH 
® OVER 20 dB ISOLATION 


© 55 d8 CONVERSION LOSS 
@ 3 GHz INST ANTANEOUS BANODWIOTH 


PIN SWITCH ® 1.2d8 INSERTION LOSS: OVER 20 d8 
ISOLATION 


eS ESS OS EES Sse be et SD ae 


GUNN VCO © 80 MW POWER OUTPUT 
@ 1GHz VARACTOR TUNING 


MIXER e 6d8 CONVERSION LOSS 
© 6 GHz BANOWIOTH 


eS Seem 68 OC ce meee eB OD ee 


GUNN OSCILLATOR 37 MW POWER OUTPUT 


GUNN VCO 10 MW OUTPUT WITH 1.1 GHz VARACTOR 
TUNING 


CONVERSION LOSS 5.5 68 FOR 1 GHz IF 
BANOWIOTH 


CONVERSION LOSS 7.0 d8 FOR 15 GHz 
INSTANTANEOUS IF BANOWIDTH 


CONVERSION LOSS 7.5 dB FOR 28 GHz 
INSTANTANEDUS IF BANOWIDTH 


DOUBLER 40 TO 80 GHz 
6 5d8 CONVERSION LOSS 


PIN SWITCH 2 dB INSERTION LOSS 
20 dB ISOLATION 
10 GHz BANDWIDTH 


GUNN OSCILLATOR 7 MW POWER OUTPUT 
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Figure 7. 2 RF Modules (a) V-band Receiver, 
(b) W-band Receiver [Ref. 15] 





Figure. ¢c. 3 Balanced Radiometer Mixer [Ref. 16] 
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mixer with SRDT-switch in front of the Signal Pores echo 
(Ref. 16]. The design of that component was based on the 
combination of fin-line and coplanar line [Ref. 16]. 
2. Some Applicatiomagea > yoteme 
a. Doppler Radars ensor 
The block diagram of the experimental 35 GHz 
FSK-CW radar sensor 1S shown in Figure C.4 [{Ref. 17]. The 
main features of this device are low cost and small size due 
to integrated fin-line components. It also has a minimum 
2 y 


number of elements for a minimum range of 70 m with 1 m 


effective radar cross section targets. 


trigger pulse 





3dB- hybrid switch /mixer 


Figure €.4 Block Diagram of the Doppler Sensor 
[Reft. lve 


The system uses the Frequency Shift Keyed Continu- 
ous Wave Radar (FSK-CW) technique, which presents a lost of 


advantages. Some of them are summarized in Table 32 [Ref. 17]. 
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TABLE 32 


Main Advantages of FSK-CW Radar Techniques 


meee ole, aneenna 
Y - No need for non-reciprocal components 
= Only one oscillator 
- Minimization of semiconductor elements in mmW region 
Sebniececracton Using FIN-LINE circuits 


- Low cost, minimum size approach 


The fin-line switch mixer is the most important 
part of the radar sensor in the mmW region. It works as a 
transmit-receive selector and down-converter. The slot 
pattern of the switch-mixer mount for one arm and the inte- 
gGrated-fronted structure are shown in Figures C.5 and C.6, 
respectively. Table 33 contains the parameters of the system 


feet. 17). 


tne 
Y 
l 


iT 
VD 
eo 


wee 









PAG wee mer Slot Pattern of the Mixer/Modulator [Ref. 17] 
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FrguEtes C16 Integrated Fronted Structure [Ref. 17] 


TABLE 33 


FSK-CW Doppler Sensor Main Parameters 


Transmit Frequency f = 36.0 GHz 
Receive-LO-Frequency fio =o 9. OD Ghz 
Pulse Length T = 20 ns 
Transmit Power Pr = 30 mW 
Pulse Repetition Frequency as = bs kHz 
Antenna Gain Gy = 28 dB 
Range Gates 24 
Noise Figure F 25) 59 de 
Reaction Time < 200 ms 

v Range (foro = 1 m° ) eo 

J Volume (Front end) Apex eax tS cm? 
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b. Development of Terrestrial mmW Communications 
Recently, a large number of developments in the 
area of mmWs communications have been seen. Terrestrial and 
satellite communication systems have been built [Ref. 18]. 
Point-to-point links, including ship-to-ship or 
alr-to-air systems is one part of terrestrial communications. 


Mine point-to-point link further is divided into two differ- 


ent cases. The carrier frequency is chosen to be either 
in a range of low atmospheric attenuation (e.g., 30-40 GHz) 
to minimize losses or in a high attenuation area (e.g., 50-60 


GHZ) for privacy or security reasons. 

There are a lot of documents which describe 
approaches to mmW electronic intelligence (ELINT). Paul G. 
Steffers andRonald A. Meck [Ref. 19] describe a 60 GHZ simplex 
(one-way) communication link, that is capable of transmitting 
data television or voice to a distance of nearly 2 Km, when 
set for operation at 60 GHz. 

Figure C.7 shows the link between two stations A 
and B and the intercept receiver C. It is obvious that the 
direct-line intercept is more difficult to operate at 60 GHz 
than even at 40 GHz [Ref. 19]. 

c. mmW Sensors for Missile Guidance 

Several types of guidance have been developed in 
the mmW area. Applications are found in air-to-surface and 
surface-to-surface missiles as well as freefall and parachute- 


suspended munitions. 
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INTERCEPT 
RECEIVER 


~— ch. —- 





OPERATING XMTR ADDITIONAL GAIN 
FREQUENCY POWER NEEDED AT C FOR INTERCEPT 
40 GHz -13 dBm 15.5 dB 
60 GHz +10 dBm 100 dB 


Figure C.7 Direct=-line Interceprilonm Re t-te. 


There are three operating modes for autonomous, 
lock-on-after launch mmW seekers: 
* passive acquisition and track-to-target encounter; 
- active acquisition and track-to-target encounter; 


- active acquisition and early track with passive 
final track to target encounter. 


Table 34 summarizes the parameter for operation 
at. 35,°94, and 12140 GHz [Ref. 20m 

The threat of countermeasures against mmW active 
and passive guidance sensors is being taken more seriously 
during the design of the system. Table 35 [Ref. 20] contains 
the anticipated countermeasure threats and the passive 


countermeasure techniques. 
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Tae iis 4 


Summary of Sensor Parameters at 35, 94 and MO Ghz 


OPERATING FREQUENCY 





DESIGN PARAMETER 35 GHz 94 GHz 140 GHz 
Wavelength 8.6 MM 3.2 MM 22MM 
Ctear air attenuator 0.12 dB/KM ~- 0.4 dB/KM 1.6 dB/KM 
Rain attenuator eS 
— 0.25 mm/hr 0.07 dB/KM 0.17 dB/KM 0.2 dB/KM 
— 1.0 mm/he 0.25 0.6 0.7 
— 40 mm/he 1.0 3.0 3.2 
— 16.0 mm/her 4.0 8.0 9.0 
Fog attenuator a 
— tight 0.01 g/M? 0.006 dB/KM 0.035 dB/KM 0.07 dB/KM 
— thick 0.1 g/M? 0.06 0.35 0.7 
— dense 1.0 g/M? 0.6 3.5 7.0 
Apparent sky temperature 
— clear 23°K 50 K 81°K 
— moderate overcast 65 120 200 
— rain 110 220 250 
Receiver noise flcure 4.5 dB 6.5 dB 7.0 d8 
IMPATT transmitier 15 W 10 W 3 W 

Peak pulse power 
Antenna beamwidth 4° 1.49 


:15.24CM 


oD 


0.98° 


TABLE 35 


Active/Passive Countermeasures 


Active Countermeasures Threats 

- On target low power jammer 

- Deception jammer 

- Barrage jammer 

- Low power on target/off axis CW of noise jammer 


- High power CW or pulse jammer 


Passive Countermeasures Techniques 
- Smokes 

- Aerosols 

=) Ciiaemr 

- Metalized particles 

- Corner reflectors 


- Target shape decoys 
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